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STATEPlENT 
ON 

AEROSPACE RESEARCH APPLICATIONS CENTER 
I N D I A N A  UNIVERSITY 

BY 
D r .  Herman B Wells, P res iden t ,  Ind iana  Un ive r s i ty  Foundation 

January 10, 1963 

I am pleased  t o  welcome you t o  our  meeting today. Th i s  meeting i s  
designed t o  d e s c r i b e  t h e  n a t u r e  and e f f o r t  of t h e  Aerospace Research Appli-  
c a t i o n s  Center.  It i s  hoped t h a t  in format ion  provided by t h e  meeting w i l l  
i n s p i r e  some of you t o  become a c t i v e  p a r t n e r s  i n  t h e  p r o j e c t .  

Some months ago t h e  dynamic Direc tor  of t h e  Space Adminis t ra t ion ,  M r .  
James E. Webb, asked u s  t o  come t o  see him. I n  t h e  course  of our  v i s i t  he  
s t a t e d  t h a t  he wished some u n i v e r s i t y  t o  under take  an experiment t o  d iscover  
ways t o  a c c e l e r a t e  t h e  sp ino f f  from t h e  space r e s e a r c h  e f f o r t .  

He envis ioned an experiment w i th  a bus iness  school  approach, s o l i d l y  
backed by t h e  u n i v e r s i t y  b a s i c  sc ience  departments wi th  engineer ing  a s s i s -  
t ance  where needed. 

A s  a r e s u l t  of our d i scuss ion  on t h e  occas ion  of t h a t  v i s i t ,  we were 
i n v i t e d  t o  submit a proposa l  and hence w e  meet today. 

I n  sponsoring our experiment,  M r .  Webb seeks  t o  he lp  r e a l i z e  a mandate 
of t h e  congress iona l  l e g i s l a t i o n  c r e a t i n g  NASA. I n  t h i s  l e g i s l a t i o n ,  t h e  
agency i s  s p e c i f i c a l l y  mandated t o  u s e  t h e  space r e s e a r c h  e f f o r t  t o  promote 
t h e  economic development of  t h e  na t ion ,  i n  a d d i t i o n  t o  i t s  s p e c i f i c  tech-  
n i c a l  o b j e c t i v e s ,  such a s  t h e  f l i g h t  t o  t h e  moon. The A c t  recognizes  t h a t  
new knowledge i s  t h e  b a s i s  f o r  new weal th .  The country i s  f o r t u n a t e  t o  
have M r .  Webb a s  admin i s t r a to r  because he be l i eves  t h a t  space r e s e a r c h  can 
c o n t r i b u t e  enormously t o  economic growth, and he  i s  determined t o  do a l l  i n  
h i s  power t o  b r i n g  about t h i s  r e s u l t .  We a r e  p leased  t o  have he re  today 
two of h i s  c l o s e  a s s o c i a t e s  who it w i l l  be  my p r i v i l e g e  t o  p re sen t  t o  you 
l a t e r  i n  t h e  meeting. I know we s h a l l  be g r e a t l y  bene f i t ed  by t h e i r  par -  
t i c i p a t i o n  i n  our  s e s s ion .  

Let u s  r e f l e c t  f o r  a moment on t h e  n a t u r e  of t h e  p re sen t  space r e s e a r c h  
e f f o r t .  

It i s  v a s t .  

It i s  pervas ive .  

I t s  p o t e n t i a l i t i e s  a r e  beyond even our  powers of imaginat ion.  

Never has t h e r e  been a comparable r e s e a r c h  e f f o r t .  

It i s  c a r r i e d  on i n  coun t l e s s  u n i v e r s i t y  l a b o r a t o r i e s ,  i n  i n d u s t r i a l  l abor -  
a t o r i e s ,  and d i r e c t l y  by NASA i n  s p e c i a l  r e s e a r c h  i n s t a l l a t i o n s  of enormous 
s i z e  and complexity. The na tu re  of t h e  NASA o b j e c t i v e  r e q u i r e s  a r e s e a r c h  



e f f o r t  t h a t  covers  t h e  e n t i r e  range of b i o l o g i c a l ,  n a t u r a l ,  and phys ica l  
sc ience .  I t s  e f f o r t  i s  a t  once so v a s t  and so  exac t  t h a t  s p e c i a l  c o n t r o l  
and management techniques have had t o  be developed and a r e  now being t e s t e d  
i n  t h e  c r u c i b l e  of experience.  

Hence, t h e  p o t e n t i a l i t i e s  of t h i s  e f f o r t  f o r  our  e n t i r e  economy a r e  
beyond our  present  powers of comprehension. 

We a r e  w i l l i n g  t o  undertake the  r e s p o n s i b i l i t i e s  of t h i s  experiment 
because w e  b e l i e v e  t h i s  i s  f e r t i l e  ground f o r  such an e f f o r t .  

Indiana and t h e  Midwest have been t r a d i t i o n a l  c e n t e r s  of i ndus t ry .  We 
have i n d u s t r i a l  know-how and manpower, a g r e a t  d e a l  of i t  r ep resen ted  he re  
t h i s  af ternoon.  

This  r eg ion  has  been a c t i v e  i n  t h e  p a s t  i n  R & D and i s  determined t o  
be so i n  t h e  fu tu re .  Indiana and t h i s  reg ion  have always o f f e r e d  t o  i n d u s t r y  
t r a n s p o r t a t i o n  advantages which w i l l  be even more pronounced i n  t h e  f u t u r e  
wi th  our  new por t  on t h e  no r th ,  improved r i v e r  t r a n s p o r t a t i o n  on t h e  south ,  
t h e  continuance of t h e  f r e i g h t  s e rv i ces  of our  r a i l  network, and f i n a l l y  a 
unique c ros s  roads  p o s i t i o n  i n  the  new I n t e r s t a t e  Highway system, I am 
convinced t h a t  t h i s  r e g i o n ' s  g r e a t e s t i n d u s t r i a l  achievements a r e  ahead, not  
behind us.  

The p r o j e c t  which we w i l l  o u t l i n e  today i s  f r a n k l y  experimental .  We 
seek  t o  d iscover  o r  develop new ways t o  speed up t h e  i n d u s t r i a l  a p p l i c a t i o n  
of space research .  A s  i n  a l l  experiments, r e s u l t s  cannot be assured.  I f  
w e  knew t h e  r e s u l t s ,  t h e  experiment would be unnecessary.  

T h i s  experiment w i l l  be a three-way p a r t n e r s h i p  involv ing  NASA, Indiana  
Un ive r s i ty  ( s p e c i f i c a l l y  i t s  School of Business and b a s i c  s c i ences  and School 
of Medicine),  and bus iness  and indus t ry .  For the  f i r s t  year  w e  hope t o  l i m i t  
i n d u s t r y  p a r t i c i p a t i o n  t o  a manageable number of f i rms ,  wi th  t h e  expec ta t ion  
t h a t  t h e  number may be increased  s u b s t a n t i a l l y  i n  succeeding years .  
membership f e e  w i l l  be charged, because NASA b e l i e v e s ,  and w e  concur,  t h a t  
t h i s  i s  t h e  b e s t  way t o  i n s u r e  se r ious  p a r t i c i p a t i o n  on t h e  p a r t  of t hose  
j o i n i n g  t h e  p r o j e c t .  

A 

We have at tempted t o  i n v i t e  all who might be i n t e r e s t e d  t o  t h i s  i n i t i a l  
meeting so t h a t  a l l  might bene f i t  from t h e  d i scuss ion  and have an  equal  
chance t o  jo in .  

W e  have included some u t i l i t i e s  and f i n a n c i a l  i n s t i t u t i o n s  who a r e  no t  
d i r e c t l y  i n  t h e  R & D f i e l d ,  b u t  have a keen i n t e r e s t  i n  t h e  wel fare  of t h e i r  
i n d u s t r i a l  customers of t h e  region which they  serve .  

The c o n t r a c t i n g  agency f o r  the p r o j e c t  i s  The Indiana  Un ive r s i ty  Foun- 
da t ion .  The Foundation, t h e  School of Business ,  and t h e  e n t i r e  Un ive r s i ty  
expect  t o  g ive  t h i s  p r o j e c t  t h e  s t ronges t  p o s s i b l e  support .  

Our i n d u s t r i a l  s t r e n g t h  was developed out  of t h e  I n d u s t r i a l  Revolution. 
We a r e  i n  t h e  midst of a new revolu t ion ,  t h e  s c i e n t i f i c  r evo lu t ion ,  c e r t a i n  
t o  profoundly change every aspec t  of i ndus t ry  and o f  our  l i f e .  Our p r e s e n t  
e f f o r t  g ives  us  an oppor tun i ty  t o  make our smal l  c o n t r i b u t i o n  t o  d i r e c t i n g  
t h e  n a t u r e  of t h a t  change. 
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THE ROLES OF THE UNIVERSITY, INDUSTRY AND NASA I N  RESEARCH APPLICATIONS 

Colonel R .  P .  Young 
Executive O f f i c e r ,  Headquarters  

Nat ional  Aeronautics and Space Adminis t ra t ion 

It  i s  a g r e a t  p l easu re  and I t r u l y  apprec i a t e  t he  oppor tuni ty  t h a t  w e  
have been af forded  t o  p a r t i c i p a t e  he re  a long wi th  my col league  M r .  Fong 
and my a s s o c i a t e  M r .  Gadberry from t h e  Midwest Research I n s t i t u t e ,  from 
whom you w i l l  hear  l a t e r .  My d i scuss ion  d e a l s  w i th  t h e  impact t h e  space 
program h a s  had on American business  and t h e  r o l e  which t h e  aerospace r e s e a r c h  
c e n t e r  of  t he  Univers i ty  h e r e  w i l l  p l ay  i n  sp inning  o f f  t h e  technology from 
the  space e f f o r t  i n t o  t h e  p r i v a t e  s e c t o r  of our  economy. 

The Nat iona l  Aeronaut ics  and Space Adminis t ra t ion ,  which 1 am of course  
r e p r e s e n t i n g ,  a long wi th  my col leagues ,  i s  a c t i v e  i n  support  of t h i s  Center .  
We b e l i e v e  t h a t  t h e  l eade r sh ip  of  t h i s  Univers i ty  r ep resen ted  by P res iden t  
S t a h r ,  by D r .  Wells, by Dean Weimer and t h e  o t h e r  a b l e  people  h e r e ,  can 
a c c e l e r a t e  and extend t h e  b e n e f i t s  t h a t  w i l l  flow from t h e  r e sea rch  and 
development t h a t  comes from t h i s  enormous space r e sea rch  program t h a t  t h i s  
n a t i o n  h a s  under way. 

W e  might say t h e  Space Age began wi th  the  success fu l  o r b i t i n g  by the  
Sov ie t  Union of Sputnik I i n  1957. 
fo l lowing  t h a t  event  t h a t  impelled t h e  Congress of t h e  United S t a t e s  t o  p a s s  
t h e  Space Act of 1958 which pu t  NASA i n t o  bus iness  as t h e  space agency of t he  
United S t a t e s .  I am su re  t h a t  t h e r e  were many reasons  s i n c e  then t h a t  have 
impel led the  P res iden t  and the  Congress t o  au tho r i ze  t h e  investment of a 
ve ry  s u b s t a n t i a l  p a r t  of our n a t i o n a l  resources  i n  the  programs t h a t  w e  are 
under tak ing  t o  c r e a t e  space power f o r  t h e  United S t a t e s ,  i n  t h e  same sense 
t h a t  w e  have had a i r  power and sea power. And, I a m  su re  t h a t  t h e r e  a r e  
many reasons  of v a r i o u s  types  why t h e  genera l  p u b l i c ,  t h e  American c i t i z e n s ,  
support  t h e  space program, although I a m  q u i t e  c e r t a i n  t h a t  the  average 
c i t i z e n  r e a l l y  doesn ' t  a p p r e c i a t e  t h e  tremendous in f luence  t h a t  t h i s  program 
i s  going t o  have upon our  l i v e s  i n  t h e  yea r s  ahead. A s  a ma t t e r  of f a c t ,  
you might l i k e n  t h e  c i t i z e n s  w i t h  t h e  man who w a s  asked ,  "DO you b e l i e v e  
i n  baptism?" And he  r e p l i e d ,  "Believe i n  i t ,  man, I ' v e  seen i t  done." Well ,  
c e r t a i n l y  t h e  c i t i z e n s  have seen it done i n  space.  They have seen John 
Glenn and Carpenter and S h i r r a  o r b i t  and seen p i c t u r e s  of Tels tar ,  t he  
p i c t u r e s  t h a t  t h e  communications s a t e l l i t e  has  r eb roadcas t ,  and they have 
seen p i c t u r e s  t h a t  came from the  T i ros ,  t h e  weather s a t e l l i t e .  They have 
seen p i c t u r e s  of Mariner and know a l o t  about t h e  f l i g h t  by Venus. But, o f  
cour se ,  you c a n ' t  see every th ing  i n  t h e  space program. It i s  much deeper 
than  t h a t .  Nor can you simply ca t egor i ze  the  space program as a r a c e  t o  t h e  
moon a g a i n s t  t h e  Sovie t  Union. 

I am su re  t h e r e  were many reasons  

, 

The Adminis t ra tor  of NASA, M r .  Webb, has  o u t l i n e d  four  b a s i c  reasons  
under ly ing  t h e  space program. 
t h e s e .  The f i r s t  i s  t h a t  man w i l l  explore  space now t h a t  t h e  r o c k e t s  which 
permi t  t h i s  t a s k  have been developed. 
t h e  e a r t h ' s  g r a v i t y ,  t o  do t h e  exp lo ra t ion ,  man i s  going t o  do i t ,  j u s t  as 
he  h a s  explored the  e a r t h .  He i s  going t o  explore  the  un ive r se .  He i s  

I ' d  l i k e  t o  t ake  j u s t  a moment t o  go over  

Once given t h e  power t o  go beyond 
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going t o  explore  space t o  the  ex ten t  t h a t  i t  i s  p r a c t i c a l ,  both manned and 
unmanned. It  i s  c e r t a i n  t h a t  t he  United S t a t e s  i s  n o t  going t o  s e t t l e  f o r  
a second p lace  i n  t h i s  explora t ion .  This  n a t i o n  must and w i l l  i n s i s t  upon 
being i n  t h e  vanguard of t h i s  s c i e r t i f i c  adventure .  

The second p o i n t  I would make as a n  under ly ing  reason re la tes  t o  our 
t r a d i t i o n  as a l eade r  i n  technology. Shor t ly  a f t e r  we heard t h e  f i r s t  beep 
of t h a t  Sputnik i n  1957, I th ink  i t  w a s  p r e t t y  c l e a r  t h a t  Che United S t a t e s  
could n o t  ignore  the  chal lenge t o  l ead  i n  an  important  area of s c i e n t i f i c  
r e sea rch  and development, and t c  Le preeminent i n  t h i s  a r e a  of r e s e a r c h ,  
p a r t i c u l a r l y  i n  a f i e l d  where f o r  so long we had taken i t  f o r  gran ted  t h a t  
we had the  s u p e r i o r i t y .  

The t h i r d  under ly ing  reason ,  of course ,  i s  t h a t  the  i n t e r e s t  of t h e  
n a t i o n a l  defense demands t h a t  we in su re  t h a t  space does no t  become an 
avenue of approach whereby an agressor  can success fu l ly  a t t a c k  t h e  
United S t a t e s .  

The fou r th  reason given by Mr. Webb i s  the  c e r t a i n t y  t h a t  the  b a s i c  
s c i e n t i f i c  knowledge t h a t  t h i s  program w i l l  develop and the  technology 
t h a t  w i l l  flow from i t  w i l l  o f f e r  g r e a t  r e t u r n s  t o  t h i s  n a t i o n .  H i s to ry  
has  taught  u s  t h a t  a l though we cannot p r e d i c t  t h e  b e n e f i t s  t h a t  w i l l  flow 
from b a s i c  s c i e n t i f i c  r e sea rch  i t  i s  c e r t a i n  t h a t  such r e sea rch  l e a d s  t o  
many benefitsundreamed of by t h e  r e sea rche r .  

The Congress of t h e  United S t a t e s  i n  pas s ing  the  Space A c t  of 1958 
t h a t  e s t a b l i s h e d  NASA wise ly  foresaw t h a t  i n  undertaking t h i s  enormous 
space e f f o r t  w e  would be producing new products ,  new knowledge, new 
techniques ,  new processes .  
would be happening and they wrote  i n t o  t h e  l a w  t h a t  i t  w a s  t h e  r e s p o n s i b i l i t y  
of  NASA t o  develop t h e  r e s u l t s  of t h i s  program t o  t h e  b e n e f i t  of a l l  mankind, 
Now the  p o i n t  I wish t o  make he re  i s  t h a t  t h e  e f f o r t  w e  are  making on behalf  
o f  t h e  United S t a t e s  government i n  t r y i n g  t o  feed back i n t o  t h e  economy 
b e n e f i t s  of our  r e sea rch  and development e f f o r t s  i s  not  an  a f t e r t h o u g h t  o r  
a secondary e f f o r t .  
o f  our  program--and w e  a r e  g iv ing  a g r e a t  d e a l  of  thought and e f f o r t  t o  it. 
This  i s  one of t h e  reasons why we a re  he re  today. 

They d i d n ' t  know what,  bu t  they knew t h a t  t h i s  

It i s  a primary e f for t - -one  of t h e  b a s i c  o b j e c t i v e s  

We b e l i e v e  i t  i s  t e r r i b l y  important.  We have dedica ted  ou r se lves  t o  
e x p l o i t i n g  t h i s  e f f o r t  t o  t h e  maximum e x t e n t  p o s s i b l e .  A few moments ago 
D r .  Wells s a i d  t h a t  w e  a r e  i n  a s c i e n t i f i c  r evo lu t ion .  I had intended t o  
say t h a t  we a r e  i n  a n  era o f  science and technology. This  means t h e  same 
t h i n g ,  I be l i eve .  
t h i s  e r a .  I don ' t  know when it s t a r t e d .  I-'m n o t  about  t o  c la im t h a t  i t  
s t a r t e d  wi th  t h e  beginning of t he  Space Age. 
i t  s t a r t e d .  We a r e  i n  i t ,  How fa r  i n  i t ,  I d o n u t  know, bu t  I f ee l  t h a t  we 
are j u s t  a c r o s s  t h e  threshhold a l i t t l e  way. I th ink  t h a t  w e  are f a r  
enough i n t o  t h i s  age t o  know and to  r e a l i z e  t h a t  t h e  manner i n  which w e  
p r o f i t  from i t  can be one of  t h e  most important  s i n g l e  f a c t o r s  i n  our  
economic growth, i n  our  n a t i o n a l  well be ing ,  and probably i n  the  s u r v i v a l  
of  our  n a t i o n  as a l e a d e r  of  t h e  world. I say t h i s  s e r i o u s l y  and thought- 
f u l l y  and I b e l i e v e  many o t h e r s  f e e l  t h i s  way. 

I d o n * t  t h ink  any of u s  ques t ion  t h e  f a c t  t h a t  w e  are i n  

But i t  i s  n o t  important  when 

We have reached a p o i n t  i n  research  and development where t h e  ind iv idua l  
i nven to r  such as Henry Ford o r  Thomas Edison h a s  l a r g e l y  been rep laced  by 
teams of h igh ly  s k i l l e d  s c i e n t i s t s  and engineers .  A technologica l  and 
s c i e n t i f i c  break through now i s  f requent ly  obta ined  by a h i g h l y  organized 



5 
D 

? 

team e f f o r t  backed up wi th  a 
and a complex o rgan iza t ion .  
c o s t l y  t h a t  only t h e  f e d e r a l  

l o t  of money, a l o t  of equipment, b u i l d i n g s ,  
In many cases  t h e  e f f o r t  i s  so g r e a t  and so 
government can undertake i t .  

We are l ea rn ing  how t o  organize very  l a r g e  s c i e n t i f i c  e f f o r t s  i n  t h e  
f e d e r a l  government. We are spending today i n  the  f e d e r a l  government about  
twelve b i l l i o n  d o l l a r s  annual ly  i n  what we c a l l  r e sea rch  and development. 
A few yea r s  ago we were spending j u s t  a few m i l l i o n .  World War I1 brought 
a tremendous a c c e l e r a t i o n  i n  t h e  spending i n  R & D .  

Following World War I ,  when the a i r p l a n e  i n  e f f e c t  came of age,  t h e  
f e d e r a l  government e s t a b l i s h e d  NACA which w a s  t he  forerunner  of NASA and 
which w e  have absorbed i n  becoming XASA. 
on Aeronaut ics  w a s  organized a f t e r  World War I f o r  t h e  s p e c i f i c  purpose 
of  developing t h e  bu i ld ing  b locks ,  t he  technologica l  bu i ld ing  b locks ,  t o  
make t h i s  n a t i o n  supreme i n  the  a i r ,  Our success  i n  World War I1 i n  a i r -  
c r a f t  performance proved the  v i a b i l i t y  of t h i s  approach and t h e  success  of  
t h a t  agency. You may never have heard of NACA b u t  t h i s  s c i e n t i f i c  organi -  
z a t i o n  developed t h e  bu i ld ing  blocks f o r  our  success fu l  performance i n  t h e  
a i r  i n  World War 11. A sec,ond example of t he  government g e t t i n g  i n t o  R & D 
on a ve ry  l a r g e  s c a l e  w a s  t h e  Atomic Energy Commission, which w a s  formed 
a f t e r  t he  Second World War t o  e x p l o i t  f o r  m i l i t a r y  purposes  and peacefu l  
purposes  the d i s c o v e r i e s  t h a t  w e  had made of t h e  f i s s i o n  p rocess  a d  t h e  
f u s i o n  process .  Here aga in ,  w e  had a major government organized e f f o r t .  

The Nat ional  Advisory Committee 

And now, NASA, the  space agency of which I a m  a member, has  been 
organized f o r  an even g r e a t e r ,  more cha l lenging ,  s c i e n t i f i c  t a s k .  W e  are 
l e a r n i n g  how t o  organize  t o  do h ighly  demanding s c i e n t i f i c  and technologica l  
t a s k s .  What w e  have n o t  y e t  learned i s  how t o  e x t r a c t  from t h e s e  tremendous 
e f f o r t s  and a l l  t h i s  money w e  are spending t h e  most e f f e c t i v e  ways f o r  
feeding  t h e  b e n e f i t s  of t h e s e  e f f o r t s  back; t h a t  i s ,  making a v a i l a b l e  t o  t h e  
en t repreneur  and t h e  i n d u s t r i a l i s t  t he  new th ings  w e  l e a r n ,  t h e  techniques ,  
t h e  new materials, e t c .  W e  haven't  l e s rned  t o  feed  t h i s  knowledge back i n t o  
t h e  p r i v a t e  s e c t o r  so t h a t  t h e  en t repreneurs  i n  bus iness  and i n d u s t r y  can 
use  them t o  p r o f i t ,  t o  b e n e f i t  themselves and t h e  n a t i o n a l  economy. 

There may have been good reason why w e  haven ' t  l earned  t o  do t h i s .  
It i s  a r e l a t i v e l y  new a r e a .  I n i t i a l l y  much of t h e  informat ion  was 
c l a s s i f i e d .  So perhaps t h e r e  i s  some excuse f o r  n o t  having done more t o  
d a t e .  But NASA i s  now i n  the f o r t u n a t e  p o s i t i o n  t h a t  p r a c t i c a l l y  every- 
t h i n g  we do i s  u n c l a s s i f i e d ,  and we are charged by Congress t o  d isseminate  
t h a t  information as broadly as w e  can. 
are going t o  make i t  succeed, We are going t o  f i n d  ways t o  achieve t h i s  
feed  back i n t o  the  p r i v a t e  s e c t o r  t o  h e l p  make t h i s  economy grow. 

We have t h i s  oppor tun i ty  and w e  

The t a s k  we are d i scuss ing  i s  a formidable one. You'd expect  i t  t o  
be so.  For example, i t  i s  est imated i n  1960 t h e  n a t i o n a l  investment i n  
r e s e a r c h  and development generated 60 m i l l i o n  pages of t e c h n i c a l  r epor t s - -  
60 m i l l i o n  pages--now t h a t  i s  equiva len t  t o  having enough pages every day 
t o  f i l l  24 volumes of  t h e  Encyclopedia Br i t ann ica  seven t imes.  By 1970 
we expec t  t h a t  ou tput  w i l l  double ,  
t h e r e  were some 70,000 pages of technica l  r e p o r t s .  
a g r e a t  volume of unpubl ished information w i t h i n  NASA i t s e l f  and w i t h i n  
t h e  c o n t r a c t o r s  who work f o r  u s .  

I n  t h e  space a c t i v i t y  a lone  i n  1962, 
This doesn ' t  inc lude  

Now w e  a r e  confronted by t h i s  m a s s  of in format ion .  It has  become 
obvious t o  u s  i n  NASA t h a t  t he  use and d isseminat ion  of t h i s  knowledge i s  
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new and unique t o  government opera t ion .  Hence we are borrowing from 
t h e  i n d u s t r i a l  and p ro fes s iona l  s ec to r s  of p r i v a t e  l i f e .  NASA i s  
u t i l i z i n g  t h e  services of h igh ly  q u a l i f i e d  i n d u s t r i a l  c o n s u l t a n t s  i n  
i n d u s t r i a l  management and research i n s t i t u t e s ,  t o  devise  means of i n su r ing  
u t i l i z a t i o n  of t he  space r e su l t s .  You are going t o  hear  more about  t h i s  i n  
d e t a i l  a l i t t l e  l a t e r  from some of our  o the r  speakers .  But I want t o  
emphasize h e r e ,  no ma t t e r  what e f f o r t s  we i n  the  f e d e r a l  government make t o  
supply the  mechanism t o  br ing  out of  t h i s  pool of information u s e f u l  d a t a  
f o r  t h e  en t r ep reneur ,  we're convinced t h a t  a d i r e c t  r e l a t i o n s h i p  between 
government and indus t ry  can achieve only a s m a l l  p a r t  of t he  p o t e n t i a l  
b e n e f i t s  we seek. We be l i eve  tha t  t h e  breadth  and complexity of  t h e  t o t a l  
s c i e n t i f i c  e f f o r t  i n  which we a r e  involved i s  so g r e a t  t h a t  no one f i rm,  
no one i n d u s t r y ,  o r  group of f i rms can have t h e  type  of r e sea rch  s t a f f  
r equ i r ed  t o  keep up wi th  t h e  r ap id ly  inc reas ing  knowledge and t o  adequately 
eva lua te  i t s  p o t e n t i a l  f o r  t he  economy. We do b e l i e v e ,  on t h e  o t h e r  hand, 
t h a t  t h e r e  must be an in te rmedia te  agency which acts as  a t ransmiss ion  
b e l t  between t h e  government and indus t ry .  And we be l i eve  t h a t  t h e  n a t u r a l  
agency, t h e  n a t u r a l  middleman, for  t h i s  ope ra t ion  i s  the  u n i v e r s i t y .  

I 

The u n i v e r s i t y  i s  the  i n s t i t u t i o n  which can f u l f i l l  t h i s  r o l e  because 
i t  has  i n t e r d i s c i p l i n a r y  competence. It  i s  t h e  only i n s t i t u t i o n  which can 
understand t h e  s ign i f i cance  of the b a s i c  s c i e n t i f i c  d i s c o v e r i e s  and t h e i r  
p o t e n t i a l  f o r  technologica l  a p p l i c a t i o n .  This  i s  our  concept .  I t ' s  a new 
concept which c r e a t e s  a new r o l e  f o r  t he  Un ive r s i ty ,  and a new r e l a t i o n s h i p  
f o r  t h e  Univers i ty  and the  i n d u s t r i e s  i n  the  reg ion  i t  se rves .  

This  then i s  t h e  major po in t  I want t o  p u t  a c r o s s .  W e  are t a l k i n g  of  a 
new concept ,  a new method--not of changing t h e  u n i v e r s i t y  bu t  broadening 
t h e  manner i n  which i t  serves a region-the way it  looks a t  t h e  r eg ion .  
In s t ead  of looking inward toward educa t iona l  programs a l o n e ,  i t  looks ou t -  
ward toward the  reg ion  i t  se rves .  There i s  no doubt i n  my mind o r  the  minds 
of t h e  admin i s t r a to r  o r  o t h e r s  a t  NASA t h a t  t h i s  n a t i o n ' s  educa t iona l  and 
i n d u s t r i a l  resources  can be brought toge ther  i n  an e f f e c t i v e  and v i a b i l e  
r e l a t i o n s h i p  t o  t a c k l e  t h i s  problem--to f a c i l i t a t e  t h e  sp in  o f f  from 
s c i e n t i f i c  advances wi th  t h e  Univers i ty  a c t i n g  as the  middleman, se rv ing  
i n d u s t r y  i n  t h e  a r e a  where i t  i s  loca ted .  

What we are t a l k i n g  about i s  no easy t a s k .  This  i s  a major change, I 
b e l i e v e ,  which w e  have got  t o  recognize.  Nothing which h a s  t h e  broad impact 
of t h e  sub jec t  w e  are t a l k i n g  about today w i l l  come easy .  And anybody who 
p a r t i c i p a t e s  w i th  the  Un ive r s i ty  in  t h i s  program, any i n d u s t r y ,  should no t  
t h i n k  i n  t e r m s  of something coming easy by perhaps applying a few thousand 
d o l l a r s  t o  t h e  program and then s i t t i n g  back and watching what comes up. 
T h i s ,  indeed,  i s  a cha l lenge  t o  the l eade r sh ip  of t h i s  area, t h i s  r eg ion ,  
and, indeed ,  a l l  t h e  r eg ions  i n  the United S t a t e s .  

I have had t h e  p r i v i l e g e  of  working wi th  communities i n  water 
r e sources  development i n  my r e s p o n s i b i l i t i e s  when I was a d i s t r i c t  engineer  
f o r  t h e  Corps of Engineers .  This  i s  another  type of development t h a t  
r e q u i r e s  r eg iona l  l eade r sh ip  t o  look forward and have the  f o r e s i g h t  t o  be 
a b l e  t o  make investments  today, the b e n e f i t s  from which may come some y e a r s  
hence.  It w a s  very  clear t o  me  t h a t  t h e r e  were some communities i n  which 
I worked t h a t  had l eade r sh ip ,  and they moved forward and t h e i r  communities 
grew and prospered.  And t h e r e  were o t h e r s  t h a t  had narrow p o i n t s  of view 
and w e r e  looking f o r  an  immediate p r o f i t .  They d i d  n o t  have t h e  v i s i o n  
o r  t h e  l eade r sh ip  a b i l i t y  t o  go forward. This  i s  what we a r e . t a l k i n g  about 
today--the c h a r a c t e r  of t he  leadersh ip  of  t h i s  a r e a .  
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I a m  the  f i r s t  one to  say tha t  t h e r e ' s  go t  t o  be something i n  i t  f o r  
you. Your p r o f i t  and loss  s ta tement  determines whether 
you succeed o r  n o t .  This  i s  going t o  be t h e  end t e s t  of whether o r  n o t  t h i s  
program i s  worth wh i l e .  
tomorrow. 
the  f a c t  t h a t  you a r e  going t o  have t o  make a personal  i npu t  y o u r s e l f ,  your 
company, your l eade r sh ip ,  j u s t  a s  t he  Univers i ty  i s ,  i n  o rde r  t o  d e r i v e  
b e n e f i t  from t h i s  e f f o r t .  

You're i n  bus iness .  

But don ' t  look f o r  p r o f i t s  immediately o r  
I f  you b e l i e v e  i n  t h e  concept we a r e  espousing,  you must accep t  

We a r e  he re  today i n  t h i s  Auditorium because the  l eade r sh ip  of t h e  
U n i v e r s i t y - - i t s  p r e s i d e n t ,  Pres ident  S t a h r ,  D r .  Wells, Dean W e i m e r  and 
many a b l e  men i n  t h i s  i n s t i t u t ion - -have  dedica ted  themselves t o  t h i s  t a s k .  
They be l i eve  i n  t h i s  concept and they are  w i l l i n g  t o  apply t h e i r  own 
tremendous t a l e n t s  t o  f ind ing  new approaches i n  t h i s  new era of sc ience  and 
technology f o r  br inging  about new economic growth t o  the  i n d u s t r i a l  of t h i s  
reg ion .  This  i s  a bold and fa r  s igh ted  e f f o r t  on t h e i r  p a r t .  I th ink  i t  
deserves  the  support  and t h e  same kind of  e f f o r t  on the  p a r t  o f  t h e  
i n d u s t r i e s  of t h i s  reg ion  as a whole. 

Gentlemen, I have confined my remarks i n  the  l a s t  few minutes t o  
t a l k i n g  concept .  What we a r e  t ry ing  t o  do i n  a broad way. M r .  Fong, who 
i s  going t o  fol low me, w i l l  now o u t l i n e  some of t h e  d e t a i l s  of t he  NASA 
programs and i n d i c a t e  how w e  p lan  t o  f u r t h e r  t h i s  e f f o r t .  
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NASA's INDUSTRIAL APPLICATIONS PROGRAM 

Louis B. C. Fong 
Di rec to r ,  I n d u s t r i a l  Appl ica t ions  

Nat iona l  Aeronautics and Space Adminis t ra t ion  

D r .  Wells ,  Dean W e i m e r ,  d i s t i ngu i shed  c i t i z e n s  of Indiana  and ad jacen t  
reg ions :  I c e r t a i n l y  echo Colonel Young's words t h a t  i t  i s  a r e a l  oppor tun i ty  
t o  come be fo re  you and t e l l  you about one of NASA's most i n t r i g u i n g  and 
cha l lenging  programs. We p a r t i c u l a r l y  a p p r e c i a t e  t h e  oppor tun i ty  of being 
h e r e  today when you a r e  about t o  k i c k  o f f  he re  wi th in  t h e  s t a t e  a r a t h e r  
unique r e l a t i o n s h i p  between t h e  Un ive r s i ty  and i n d u s t r y  t o  he lp  us  i n  t h i s  
very  d i f f i c u l t  problem of t r a n s f e r r i n g  information from government R & D 
t o  t h e  c i v i l i a n  i n d u s t r i a l  community. 

NASA's I n d u s t r i a l  Applicat ions Program r e p r e s e n t s  t h e  f i r s t  major 
organized e f f o r t  t o  t u r n  t h e  resu l t s  of government R & D i n  many f i e l d s  
of endeavor back t o  t h e  c i v i l i a n  economy, While we do have t h e  p a t t e r n  
of t h e  Atomic Energy Commission t o  f a l l  back on, I t h i n k  you r e a l i z e ,  a s  
Colonel Young poin ted  o u t ,  t h a t  they were confined by s e c u r i t y ,  and t o  
a c e r t a i n  e x t e n t ,  by t h e  sub jec t  mat te r  t o  which they could address  
themselves. They worr ied about t h e  a p p l i c a t i o n s  of r a d i o i s o t o p e s ,  t h e  
a p p l i c a t i o n s  of  r a d i a t i o n  t o  medicine, of nuc lear  energy sources ,  e t c .  
However NASA, wi th  i t s  peacetime u n c l a s s i f i e d  program extending over  
many f i e l d s  of  endeavor, i s  not  faced wi th  t h e s e  r e s t r i c t i o n s ,  and the re -  
f o r e ,  i t s  a b i l i t y  t o  t r a n s f e r  t h e  output  from t h e  space program t o  i n d u s t r y  
should a t  l e a s t  have a much g r e a t e r  p o t e n t i a l  f o r  success .  

To he lp  u s  i n  t h i s  chal lenging program, M r .  Webb has  e n l i s t e d  an 
extremely a b l e  group of i n d u s t r i a l i s t s  t o  s e r v e  a s  consu l t an t s  and members 
of t h e  I n d u s t r i a l  Appl ica t ions  Advisory Committee. I t h i n k  i t  would be 
worthwhile t o  j u s t  mention a few of t h e s e  members who have jo ined  us  i n  
t r y i n g  t o  decipher  some of t h e  problems t h a t  a r e  encountered. It i s  
cha i r ed  by D r .  E a r l  Stevenson, ex-Chairman of t h e  Board, Arthur  D. L i t t l e ,  
I nc . ,  Cambridge, Massachuset ts ;  and has  as i t s  members D r .  James H i l l i e r ,  
Vice P r e s i d e n t ,  RCA Labora tor ies ,  Pr ince ton ,  N e w  Jersey;  M r .  Malcolm 
Hubbard, one of t h e  founders  of M.I.T. Radia t ion  Labora to r i e s  and c u r r e n t l y  
P res iden t  of Hubbard Assoc ia tes ,  Boston, Massachuset ts ;  D r .  Howard Turner ,  
Vice P res iden t  of R & D ,  Jones & Laughlin S t e e l  Company, P i t t s b u r g h ,  
Pennsylvania;  M r .  Games S l a y t e r ,  Vice P res iden t  of Research, Owens- 
Corning F i b e r g l a s  Corp., r i g h t  here  a t  Granv i l l e ,  Ohio, and D r .  Emanuel 
P i o r e ,  Vice P res iden t  of Research Engineering, IBM,  New York. 

I n  a d d i t i o n ,  w e  have t h r e e  o the r  consu l t an t s :  M r .  Frank Godsey, 
ex-Vice P res iden t  of Westinghouse E l e c t r i c  Corp., Bal t imore,  Maryland, and 
former P res iden t  of E lec t ron ic s  Communications, Inc . ,  S t .  Pe t e r sburg ,  
F l o r i d a ,  has  had exper ience  i n  both b i g  and small  bus iness ;  M r .  Edmund 
Buryan, who comes from Minneapolis,  Minnesota, and was formerly p r e s i d e n t  
of MOTEC I n d u s t r i e s .  
t h e  s e r v i c e s  of D r .  Joseph Barker,  former p r e s i d e n t  of Research Corporat ion,  
New York. 
t o  g e t  pa ten ted  i d e a s  worked and we expect t o  l e a r n  a l o t  from h i s  exper- 
ience.  

And, f i n a l l y ,  we've added t o  t h e  O f f i c e  of App l i ca t ions ,  

A s  you know, t h e  Research Corporat ion has t h e  func t ion  of t r y i n g  
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I n  November, 1961, NASA i n s t i t u t e d  a p i l o t  s tudy e f f o r t  w i th  t h e  
Midwest Research I n s t i t u t e ,  under t h e  d i r e c t i o n  of  D r ,  Charles  Kimball. 
The Midwest Research I n s t i t u t e  has been ope ra t ing  i n  t h e  s i x - s t a t e  
reg ion ,  encompassing Kansas, Arkansas, Iowa, Nebraska, Oklahoma and 
Missouri .  Their  p i l o t  e f f o r t ,  mainly an experimental  one,  was t o  t e s t  
o u t  methods of  i d e n t i f i c a t i o n  and r e t r i e v a l  of innovat ions from NASA's 
f i e l d  c e n t e r s ;  then  t o  t r a n s l a t e  them i n t o  p o t e n t i a l  i n d u s t r i a l  appl ica-  
t i o n s  f o r  d i sseminat ion  t o  indus t ry ;  and, f i n a l l y ,  t o  ana lyze  i n d u s t r y ' s  
response.  
approach r a t h e r  than  a d i r e c t e d  one, and have been p resen t ing  t o  indus- 
t r i e s  i n  t h i s  s i x - s t a t e  Midwestern a rea  innovat ions  which cover a f a i r l y  
wide spectrum. 
e l imina te s  f i n i s h i n g  and does not wear ou t  a s  f a s t  a s  ca rb ide  t i pped  
t o o l s ,  t o  new management techniques.  MRI's M r .  Howard Gadberry w i l l  go 
i n t o  t h e  d e t a i l s  and g ive  you the  r e s u l t s  of t h e i r  f i r s t  y e a r ' s  e f f o r t .  
I t h i n k  he has r a t h e r  i n t e r e s t i n g  examFles of some t r a n s f e r s  and some 
p o t e n t i a l  t r a n s f e r s .  

Up t o  t h i s  t ime, MRI has used a r a t h e r  broad gene ra l i zed  

These range from machine t o o l s  made of alumina, which 

We should c e r t a i n l y  l i k e  t o  emphasize t h a t  NASA does not  c la im t o  
have invented a l l  t h e  innovat ions and i d e a s  t h a t  w e  uncover. I have 
used t h e  word "innovations" r a t h e r  f r e e l y  because I ' d  l i k e ,  f o r  t h e  
purposes  of t h i s  d i scuss ion ,  t o  have i t  cover both inven t ions  a s  w e l l  
a s  i d e a s  which a r e  non-patentable.  So it i s  a r a t h e r  broad t e r m ,  you 
might say.  I do g e t  some s t a t i c  from t h e  p a t e n t  s i d e  of t h e  p i c t u r e  
wi th  our  u s e  of t h e  t e r m ,  but I th ink  f o r  t h e  purposes of our  d i scuss ion  
you w i l l  understand what I am t a l k i n g  about,  Ce r t a in ly  some of t h e  i d e a s  
t h a t  NASA i d e n t i f i e s  and f eeds  back t o  t h e  i n d u s t r i a l  community a r e  not  
new; i t ' s  NASA's u s e  of them t h a t  i s  unique,  It i s  t h e  space a p p l i c a t i o n  
t h a t  tends  t o  s t i m u l a t e  new th inking  on how we can b e t t e r  u t i l i z e  e x i s t i n g  
p r a c t i c e s ,  techniques o r  mater ia l s .  W e  would tend t o  c o n t r i b u t e  inc re -  
ments r a t h e r  than  o r d e r s  of magnitude i n  t h e  progress  of t h e  s t a t e -o f - the -  
a r t .  This  s t i m u l a t i o n  c e r t a i n l y  r e s u l t s  i n  impzoved methods, decreased  
c o s t s ,  increased  load c a p a b i l i t i e s ,  and extended t e s t i n g  c a p a b i l i t i e s .  

I n  gene ra l ,  we a r e  th ink ing  i n  terms of s e v e r a l  media of d i sseminat ion ,  
i nc lud ing  p u b l i c a t i o n s ,  t r a d e  jou rna l s ,  d i r e c t  contac t  wi th  i n d u s t r y ,  
t r a d e - a s s o c i a t i o n s ,  p r o f e s s i o n a l  s o c i e t i e s ,  a r e a  development groups and 
o t h e r s .  Ce r t a in ly  w e  look t o  t h i s  Center  he re  a s  a very  f a s t  means of 
communication wi th  t h e  l o c a l  i n d u s t r i a l  community. 

I n  a d d i t i o n  t o  t h e  Midwest Research I n s t i t u t e ,  we have had an e f f o r t  
on t h e  p a r t  of t h e  Denver Research I n s t i t u t e  i n  s tudying previous  aero-  
space  t r a n s f e r s .  The idea  back of t h i s  p a r t i c u l a r  s tudy i s  t o  survey 
what has been done i n  aerospace indus t ry  p r i o r  t o  our  e n t e r i n g  t h i s  pro- 
gram. Denver Research I n s t i t u t e  has surveyed some 3500 aerospace r e s e a r c h  
i n d u s t r i e s  and o rgan iza t ions ,  and w e  a n t i c i p a t e  a r e p o r t  from them w i t h i n  
t h e  next  month o r  two. The response was no t  t oo  h igh ,  bu t  I t h i n k  we have 
some u s e f u l  da t a  from which we can l e a r n  many l e s sons  and c e r t a i n l y  t h e  
Center  w i l l  have access  t o  t h i s  r epor t .  

More r e c e n t l y ,  w e  have a l s o  i n v i t e d  t h e  p a r t i c i p a t i o n  of several 
o t h e r  r e s e a r c h  i n s t i t u t e s  i n  order  t o  g e t  a b e t t e r  f e e l  f o r  t h e  c h a r a c t e r  
of i n d u s t r y  throughout t h e  United S t a t e s .  The r e sea rch  i n s t i t u t e s  which 
have been asked t o  p a r t i c i p a t e  i n  t h i s  program inc lude :  Armour Research 
Foundation, Arthur D. L i t t l e ,  I n c . ,  B a t t e l l e  Memorial I n s t i t u t e ,  Southern 
Research I n s t i t u t e ,  Southwest Research I n s t i t u t e  and Stanford Research 
I n s t i t u t e .  
t h e  i n d u s t r i a l  p o t e n t i a l  of NASA's innovat ions .  

Now t h i s  new e f f o r t  i s  p r i m a r i l y  involved wi th  eva lua t ion  of  
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I t h i n k  you recognize t h a t  t h e r e  i s  a very  l o g i c a l  reason f o r  engaging 
people  who have a b e t t e r  f ee l  f o r  i n d u s t r i a l  needs. I b e l i e v e  t h e  Center  
he re  i s  c e r t a i n l y  one answer t o  t h i s  problem because when you t a l k  t o  
government s c i e n t i s t s  they  may not be up t o  d a t e  on i n d u s t r i a l  needs. It 
i s  recognized t h a t  when they  write r e p o r t s  they  a r e  more concerned about 
t h e  opinions of t h e i r  pee r s ,  and make no s p e c i a l  a t tempt  t o  r e p o r t  on 
o r  i d e n t i f y  p o t e n t i a l  app l i ca t ions ,  Something t h a t  i s  completely u s e f u l  
t o  indus t ry  might be considered as  a means of g e t t i n g  t o  t h e  ends of 
t h e i r  job ,  and would not  be reported.  So p a r t  of our  job  i n  NASA i s  
t r y i n g  t o  motivate  
has an i n t e r e s t .  

t hese  engineers t o  r e p o r t  t hose  items i n  which i n d u s t r y  

NASA has concent ra ted  on i t s  own in-house e f f o r t s  and a program 
was formally i n i t i a t e d  i n  J u l y  1962 des igna t ing  an I n d u s t r i a l  Appl ica t ions  
O f f i c e r  a t  each Center.  
a much l a r g  r s t a f f .  

Appl ica t ions  s t a f f  of seven people. To t e l l  u s  i f  somebody has an idea  
wi th  a p o t e n t i a l ,  w e  have evolved and developed a r e p o r t i n g  system f o r  
sending t h e  idea  t o  Headquarters. Since t h e  incep t ion  of t h i s  r e t r i e v a l  
system, we have a t  t h e  p re sen t  moment 440 i d e a s  which a r e  i n  t h e  process  
of being evaluated.  

I n  some Centers ,  where i t  i s  demanded, w e  have 
For example, a t  t h e  Marshal l  Space F l i g h t  Center 

w i th  a t o t a  I complement of over 6,000 people,  t h e r e  i s  an I n d u s t r i a l  

I might g ive  you some i n k l i n g  of how t h e s e  i d e a s  f i t  w i th  r e s p e c t  
t o  t h e  broad f i e l d s  of ca t egor i za t ion  which w e  have i n i t i a l l y  chosen, 
We look forward t o  your Center t o  he lp  us i n  evolving and developing 
i n d u s t r i a l  ca t egor i e s  which would be  more u s e f u l  t o  you. 
have broadly ca tegor ized  them i n t o  t h e  fol lowing:  

I n i t i a l l y  w e  

1. The e l e c t r o n i c s  and e l e c t r i c a l  f ieLd cover almost one- th i rd  
of t h e  ideas .  

2. Another one- th i rd  a r e  i n  t h e  mechanical f i e l d ,  which inc ludes  
metal  f a b r i c a t i o n ,  metal  forming, meta l lurgy ,  wi th  some 
f a l l i n g  i n t o  t h e  c i v i l  engineer ing f i e l d .  

3. The remaining t h i r d  covers l i f e  s c i ences ,  which encompasses 
medicine, foods,  drugs and a g r i c u l t u r a l  p roducts ;  m a t e r i a l s ;  
and energy and propuls ion sources .  

Ma te r i a l s ,  by t h e  way, not  only encompass s y n t h e t i c  m a t e r i a l s ,  bu t  
a l s o  inc lude  some of t h e  newer a l loys  made up of tungs ten ,  columbium, 
etc.  I might s t a t e  t h a t  t h e  chemist who s t a r t e d  ou t  i n  t h e  m a t e r i a l s  
f i e l d  has go t t en  so i n t r i g u e d  with t h e  l i f e  s c i ences  f i e l d  t h a t  he has  
decided t o  study biology and go over i n t o  t h i s  a rea .  

The reason  f o r  t h e  small input f o r  l i f e  s c i ences ,  even though i t  
has a very  d i s t i n c t  importance i n  t h e  space program, i s  t h e  f a c t  t h a t  
v e r y  l i t t l e  of our  output  i s  from our  out-of-house o r  t h e  con t r ac to r  
e f f o r t .  We look forward r a t h e r  eagerly t o  t h e  input  from NASA's con- 
t r a c t o r s .  Now t h e  t o t a l s  which I have been t a l k i n g  about a r e  mainly 
from NASA's in-house e f f o r t s .  I t h i n k  i t  i s  i n t e r e s t i n g  t o  no te  because 
on ly  t e n  cen t s  of every space d o l l a r  i s  spent  i n  in-house e f f o r t s .  Th i s  
suppor ts  t h e  25,000 in-house NASA s t a f f .  
t r a c t o r s '  e f f o r t s  which absorb 90 cen t s  of every space d o l l a r .  

We have y e t  t o  t a p  our  con- 

We have r e c e n t l y  engaged an i n d u s t r i a l  c o n t r a c t o r  t o  s t ady  t h e  
problem of how t o  motivate  NASA's i n d u s t r i a l  c o n t r a c t o r s  t o  feed  back 
t h i s  information t o  t h e  space agency. I t h i n k  being i n  indus t ry  
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you can s e e  some of t h e  problems. 
of d i f f e r e n t i a t i n g  between p ropr i e t a ry  r i g h t s ,  company know-how and 
competi t ive know-how. 
r e t r i e v e  t h i s  type of information. But I t h i n k  i t  c e r t a i n l y ' i s  looking 
f o r  t h a t  kind of information which would he lp  indus t ry  i n  genera l  and 
no t  t a k e  away some of t h e  aspec ts  of our  f r e e  e n t e r p r i s e  and competi t ive 
system. 

We c e r t a i n l y  have t o  t h i n k  of ways 

I d o n ' t  th ink  t h e  program in t ends  t o  t r y  t o  

We c e r t a i n l y  a n t i c i p a t e  t h a t  t h e  I n d u s t r i a l  Appl ica t ions  Program 
w i l l  he lp  t o  a l e r t  i ndus t ry  and c a p i t a l  t o  t h e  many o p p o r t u n i t i t e s  a r i s i n g  
from space research .  And we s ince re ly  hope t h a t  through t h i s  program w e  
can f u l l y  support  P res iden t  Kennedy's s ta tement  on t h e  space program so 
t h a t  "it can c o n t r i b u t e  t o  t h e  acce le ra t ion  of t h e  n a t i o n ' s  economy thus  
c r e a t i n g  new products ,  processes ,  m a t e r i a l s  and o p p o r t u n i t i e s  f o r  employ- 
ment of s k i l l s  and investment of funds." 

Now I t h i n k  w e  look forward t o  your Space Center here  wi th  consider-  
a b l e  eagerness  and enthusiasm. I t h i n k  w e  a r e  looking forward t o  t h e  
same degree of competence and c a p a b i l i t y  t h a t  t h i s  l i t t l e  s t o r y  about 
Colonel Glenn w i l l  i l l u s t r a t e .  I t  has i t s  humorous s i d e ,  but I th ink  
i t  t r u l y  i s  a t r i b u t e  t o  American i n d u s t r y ' s  c a p a b i l i t i e s  t o  a r i s e  t o  
t h e  needs when they come about ,  and t o  meet t h e  problems squarely.  
Colonel Glenn, when he was about t o  t ake  o f f  on h i s  memorable Mercury 
f l i g h t ,  was approached by a r epor t e r  who happened t o  ge t  p a s t  a l l  t h e  
b a r r i e r s  and peered i n t o  t h e  capsule.  

"How does i t  f e e l  Colonel Glenn?" he asked. 

"Well," Colonel Glenn r e p l i e d , ,  "how would you f e e l  i f  you were s t r apped  
down j u s t  a s  t i g h t  a s  can be,  could only move your eyeba l l s  and were s t a r i n g  
a t  150,000 components which were awarded t o  t h e  lowest bidder?" 

Aside from t h e  humor, t h e  t r u e  s i g n i f i c a n c e  of t h e  s t o r y  i s  t h a t  
American e n t e r p r i s e  has  r i s e n  t o  t h e  need and t h e  cha l lenge  of t h e  space 
program. 

We c e r t a i n l y  s e e  i n  t h e  ob jec t ives  of t h i s  Center ,  where you in t end  
t o  have a very  c l o s e  and v i a b l e  r e l a t i o n s h i p  between t h e  Un ive r s i ty  and 
t h e  i n d u s t r i a l  community, an a c t i v i t y  which w i l l  expedi te  t h e  t r a n s f e r  
from government R & D t o  indus t ry .  I t h i n k  t h a t  t h e  Cen te r ' s  awareness 
of i n d u s t r i a l  needs and problems should f a c i l i t a t e  t h e  very  c l o s e  matching 
a g a i n s t  t h e  R & D output  which y o u ' l l  g e t  from government. 

A s  I ' v e  a l ready  t o l d  Dean Weimer, NASA i s  not  working on t h i s  t a s k  
i n  i s o l a t i o n .  We are  cooperating very c l o s e l y  wi th  t h e  Department of 
Defense, t h e  Department of Commerce and t h e  Atomic Energy Commission. 
I n  f a c t ,  I m e e t  w i th  some gentlemen from t h e s e  agencies  who a r e  my counter-  
p a r t s ,  a t  least  once every o the r  month on an informal  b a s i s ,  t o  t a l k  about 
p l a n s ,  problems and r e s u l t s .  Whenever w e  can combine our  e f f o r t s ,  w e  s h a l l  
do so. 

We c e r t a i n l y  a n t i c i p a t e  eagerly t h e  development of many new approaches 
from your e f f o r t s  he re ,  which we hopefu l ly  can t u r n  around and g ive  t o  
t h e  rest  of t h e  na t ion .  W e  look t o  you people  a s  l eade r s  i n  t h i s  a rea  
f o r  new approaches on how we can m o s t  df&5xt4y t r a n s f e r  from NASA's pro- 
grams i n t o  t h e  n a t i o n a l  i n d u s t r i a l  community. 
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INDUSTRIAL APPLICATIONS OF AEROSPACE RESEARCH 

Howard M. Gadberry 
Ass i s t an t  Director, Chemistry Div is ion  

Midwest Research I n s t i t u t e  

I want t o  t e l l  you today about t h e  program t h a t  w e  have been ca r ry ing  
on f o r  NASA. It i s  d i f f e r e n t  i n  many r e s p e c t s  from t h e  ven tu re  proposed 
he re  a t  t h e  Univers i ty .  We have many f e a t u r e s  i n  common, too. Midwest has 
been ca r ry ing  on t h i s  experimental  e f f o r t  i n  the s i x  s t a t e s  surrounding 
Kansas C i t y  f o r  j u s t  over a year .  
he re  today are i n  t h e  form of a progress  r e p o r t ,  something about t h e  methods 
of t h e  p r o j e c t ,  t h e  r e s u l t s  t o  da t e  and some of t h e  problems t h a t  a r e  involved. 

We have two more t o  go, so my remarks 

Our program i s  p r imar i ly  geared t o  a c t u a l l y  e f f e c t i n g  some t r a n s f e r s  t o  
i n d u s t r y  i n  o rde r  t h a t  we may learn  what mechanisms a r e  involved,  and how t o  
go about t h e  job  b e t t e r .  I n  t h i s  regard  w e  hope t h a t  t h e  f i n d i n g s  of t h i s  
e f f o r t  w i l l  a s s i s t  NASA i n  mounting o t h e r  e f f o r t s .  Many d i f f e r e n t  schemes 
a r e  planned f o r  r e t r i e v i n g ,  packaging and d isseminat ing  information obta ined  
from t h e  space program. 
i f  you say it quickly.  
pas s  them on t h e  people  who can use them. I n  p r a c t i c e  t h e r e  obviously a r e  
many problems involved. To avoid any p o s s i b l e  misunderstanding, l e t  m e  
d e f i n e  what w e  mean by space r e l a t e d  by-product. Th i s  i s  any process ,  
m a t e r i a l  o r  device  t h a t  has a nonspace use  which has  e i t h e r  r e s u l t e d  from 
o r  rece ived  impetus from t h e  s a t e l l i t e ,  rocke t  and aerospace indus t ry .  
Thus i t  can be e i t h e r  a new innovat ion o r  d i scovery ,  o r  i n  many cases  i t  
i s  an o l d  discovery t h a t  has  been made p r a c t i c a l ,  and has a t t a i n e d  wide- 
spread  use  because of t h e  requirements of t h e  aerospace program. 

The opera t ing  p l an  of t h e  p r o j e c t  i s  r e a l l y  simple 
You simply i d e n t i f y  u s e f u l  i deas ,  eva lua te  them and 

What are  t h e  sources  of t hese  ideas?  Colonel Fong has t o l d  you about 
t h e  NASA c e n t e r s  and t h e i r  app l i ca t ions  program. Here i s  t h e  l o c a t i o n  of 
t h e  NASA c e n t e r s ,  t h e  major ones being L e w i s  i n  Cleveland, Manned Space 
C r a f t  i n  Houston, Marshal l  a t  Huntsv i l le ,  Langley i n  V i r g i n i a ,  Jet Pro- 
p u l s i o n  Laboratory and Ames on the  West Coast. One of t h e  sources  of 
in format ion  i s  t h e  innovat ions  repor ted  by t h e  i n d u s t r i a l  a p p l i c a t i o n  o f f i c e r  
a t  each of t h e s e  cen te r s .  Another major source  i s  t h e  t e c h n i c a l  r e p o r t s  
submit ted by t h e s e  workers--25,000 s c i e n t i s t s  and engineers  working ac ross  
t h e  spectrum i n  a l l  t h e  i n d u s t r i a l  t echnologies  and sciences--and t h e  con- 
t r a c t o r s  f o r  NASA. This  amounted t o  about 4,000 r e p o r t s  l a s t  year.  A 
t h i r d  source  of information i s  the  NASA p a t e n t  d i s c l o s u r e s ,  and a f o u r t h  
sou rce  of information i s  t h e  t echn ica l  papers  and announcements a r i s i n g  
from t h e  aerospace i n d u s t r i e s .  Many of t h e i r  developments a r e  f i r s t  
r e p o r t e d  i n  t e c h n i c a l  meetings. 

Af t e r  about seven months of t a l k i n g  t o  businessmen throughout s i x  
s ta tes - -2 ,400  businessmen represent ing  perhaps 650 o r  700 firms--we have 
l ea rned  t h e  k inds  of information coming ou t  of t h e  space program t h a t  a r e  
of g r e a t e s t  i n t e r e s t  t o  t h e i r  firms. But one of  t h e  b a s i c  problems involved 
h e r e  i s  t h a t  r e l a t i v e l y  few businessmen can i d e n t i f y  themselves as p o t e n t i a l  
b e n e f i c i a r i e s  of  t h e  space program. They say,  we make a i r  condi t ion ing  and 
h e a t i n g  equipment. 
of t h e  th ings  t h a t  we have t o  make abundantly c l e a r  t o  t h e s e  people  i s  t h a t ,  

What have w e  got  t o  do wi th  t h e  space program? So one 
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i n  our  opinion a t  l e a s t ,  space technology w i l l  a f f e c t  t h e i r  bus iness ,  e i t h e r  
d i r e c t l y  o r  i n d i r e c t l y .  The co ro l l a ry  t o  t h i s  s ta tement  i s  t h a t  t h i s  t r a n s f e r  
i s  not  going t o  be automatic  by any means, 
be r equ i r ed  on t h e  p a r t  of i ndus t ry  t o  recognize t h e  i n d u s t r i a l  a p p l i c a t i o n s  
of develdpments made p r imar i ly  t o  advance t h e  space program; t o  see t h e  new 
t e c h n i c a l  means now a t  hand f o r  t he  s o l u t i o n  of t h e i r  problems. Four types  
of in format ion  are most u s e f u l  t o  indus t ry :  (1) new materials ou t  of which 
t o  b u i l d  t h i n g s ,  (2) new and improved processes ,  b e t t e r  f a b r i c a t i o n  tech-  
n iques ,  b e t t e r  ways of performing work o b j e c t i v e s ,  (3) a hos t  of new product 
oppor tun i t i e s .  (4) Not t h e  least  of t h e  b e n e f i t s  t o  be der ived  from t h e  
ope ra t ion  of  a $3.5 b i l l i o n  a year ope ra t ion  a r e  many management a i d s  and 
techniques., NASA r e q u i r e s  t h e  very h ighes t  degree of q u a l i t y  assurance,  
r e l i a b i l i t y ,  c r i t i c a l  p a t h  schedul ing,  t h e  b e s t  philosophy of  design of long 
l i f e  and h igh  r e l i a b i l i t y  mechanical equipment. Many of t h e  problems t h a t  
you f a c e  every day a r e  faced on a very  c r i t i c a l  b a s i s  by NASA; t h e i r  tech- 
niques c e r t a i n l y  can be of b e n e f i t  t o  indus t ry .  

A g r e a t  d e a l  of ingenui ty  w i l l  

Now I ' d  l i k e  t o  t e l l  you a l i t t l e  b i t  about some of t h e  s p e c i f i c  
cases ,  some of t h e  information t h a t  we uncovered o r  t h a t  has  been made 
a v a i l a b l e  t o  u s  through t h e  i n d u s t r i a l  a p p l i c a t i o n  program t h a t  has stimu- 
l a t e d  cons iderable  i n t e r e s t  and a c t i v i t y  on t h e  p a r t  of t h e  f i rms  t h a t  w e  
have been dea l ing  with. 

F rang ib le  Tube Energy Absorber 

To absorb t h e  impact of space capsules  h i t t i n g  t h e  ground a t  a v e l o c i t y  
of about f o r t y  m i l e s  pe r  hour,  NASA i n v e s t i g a t e d  a very  l a r g e  number of energy 
absorp t ion  schemes. 
absorber .  
t h e  schemes t e s t e d  on a weight bas i s .  
which on impact i s  deformed over t h i s  d i e  beyond i t s  e l a s t i c  l i m i t  and 
absorbs a g r e a t  d e a l  of energy and i s  fragmented o f f  i n  t h i s  "popcorn." 
Here you see a high speed sequence photo showing a model of t h e  Apollo 
capsule  h i t t i n g  a concre te  s l a b  a t  40 mph; and i n  s i x  inches  of t r a v e l  
being slowed t o  a s t o p  wi th  an even a c c e l e r a t i o n  which never exceeded 7 GIs. 
T h a t ' s  about l i k e  f a l l i n g  out  of bed. P o t e n t i a l l y  t h i s  device  can be used 
f o r  many types  of overload energy absorp t ion ,  s p e c i f i c a l l y  a h e l i c o p t e r  manu- 
f a c t u r e r  wt th  whom w e  have been t a l k i n g  i s  q u i t e  e x c i t e d  about t h e  p o s s i b i l i t y  
of u s ing  t h i s  energy absorp t ion  tube as an overload shock absorber  on t h e i r  
landing gear.  I n  t h e  event of an a u t o r o t a t i o n  landing a t  low a l t i t u d e ,  t h e  
h e l i c o p t e r  can be s e r i o u s l y  damaged when t h e  sp r ings  and shock absorbers  
bottom out .  With this type  o f  device,  l i gh twe igh t ,  h ighly  r e l i a b l e ,  
r e q u i r i n g  no maintenance, t h e  dece le ra t ion  can be pre-programed so t h a t  
t h e  energy can be absorbed; and an a d d i t i o n a l  f e a t u r e  i s  t h a t  i t  c l e a r l y  
shows i f  t h e  des ign  loadings of t h e  landing gear  have been exceeded. 
Th i s  i s  an example of a f a i r l y  d i r e c t  t r a n s f e r .  
f i c a l l y  f o r  a space mission job ,  and now t h e  h e l i c o p t e r  manufacturer has 
h i s  engineers  des igning  overload shocks based on t h e  f r a n g i b l e  tube  p r i n c i p l e .  

What you see he re  on t h e  screen  i s  a c t u a l l y  a shock 
This  turned ou t  t o  be t h e  most e f f i c i e n t  energy absorber  of a l l  

It i s  simply an aluminum a l l o y  tube 

A concept developed spec i -  

The re ' s  another  type of t r a n s f e r  which has been perhaps t y p i c a l  of many 
of t h e  th ings  we  have encountered, an i n d i r e c t  t r a n s f e r ,  i n  which you c a n ' t  
f i n d  a very  continuous thread.  
gas  bear ings.  

L e t ' s  examine a t y p i c a l  case  here ,  t h a t  of 
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Gas Bearings 

t , -  
i 

Cer ta in ly  engineers  t a lked  about gas bear ings ,  t h a t  i s  t h e  l u b r i c a t i o n  
of s u r f a c e s  wi th  a t h i n  f i l m  o f  flowing gas ,  be fo re  t h e  war. 
i t  was t h e  p r e c i s i o n  techniques requi red  f o r  i n e r t i a l  guidance, s t a b l e  
p la t forms  i n  launch v e h i c l e s ,  s a t e l l i t e s ,  t h a t  made p o s s i b l e  much of t h e  
technology t h a t  today has made gas bea r ings  one of t h e  h o t t e s t  t o p i c s  i n  
new product design. 
bo th  e x t e r n a l l y  p re s su r i zed  and s e l f  a c t i n g ,  ranging  from t h e  very  l a r g e  
j o u r n a l  bear ing ,  such a s  those  on t h e  main s h a f t  of our  nuc lear  submarines 
down t o  t i n y  j o u r n a l  bear ings  i n  den ta l  d r i l l  s e t s  which r evo lve  a t  400,000 
rpm. The swivel  t h r u s t  bear ings  which we have seen used throughout a l l  of 
t h e  space s imula to r s  provide s u b s t a n t i a l l y  f r e e  t h r e e  a x i s  motion around 
t h e  b a l l  suspension. 

But a c t u a l l y  

There a r e  a great number of types of gas bea r ings ,  

This  i s  a con ica l  t h r u s t  a i r  bear ing  i s o l a t o r .  We were d i scuss ing  
a i r  bear ings  wi th  t h e  Western E l e c t r i c  Company who make t r a n s i s t o r s .  
u s e  a l a r g e  number of p r e c i s i o n  microbalancers t o  weigh t h e  "dopants" i n  
t h e i r  t r a n s i s t o r s ,  and they had discovered t o  t h e i r  dismay t h a t  p r e c i s i o n  
microbalances j u s t  a r e n ' t  compatible w i t h  punch presses on t h e  same f a c t o r y  
f l o o r ,  They asked us  i f  an a i r  bear ing i s o l a t o r  would f l o a t  t h e s e  balances 
f r e e  from bu i ld ing  v i b r a t i o n .  We thought so. We loaned them our  a i r  bea r ing  
demonstrat ion r i g .  
we l l  t h a t  they  have prepared their own s p e c i f i c a t i o n s  and have reques ted  
AstroSpace Labora tor ies ,  Inc .  o f  Hun t sv i l l e ,  Alabama, t o  produce some a i r  
bea r ing  i s o l a t o r s  of t h i s  gene ra l  des ign  f o r  t h e i r  microbalances.  

They 

They t r i e d  i t  on one of t h e i r  ba lances ,  and i t  worked so 

But t h e  s imple f l a t  pad bear ing i s  perhaps the most v e r s a t i l e ,  and 
t h e  one we have encountered t h e  m o s t  i n  our  t o u r s  through va r ious  NASA 
cen te r s .  Here a t  Hun t sv i l l e  you see an engineer  s tanding  on an a i r  bear ing  
p l a t fo rm supported on t h r e e  f l a t  pads t o  s imula te  one of t h e  weight lessness  
cond i t ions  t h a t  w i l l  be encountered i n  doing r e p a i r  work i n  space.  
engineer  has learned here ,  i s  t h a t  you c a n ' t  u se  an o rd ina ry  wrench t o  
t i g h t e n  a nut  i n  space. 
s t i l l  whi le  t h e  ope ra to r  goes s a i l i n g  away. U n t i l  you have experienced t h e  
s e n s a t i o n  of having no coupl ing t o  t h e  e a r t h ,  f l o a t i n g  e s s e n t i a l l y  f r e e  i n  
t h e  a i r ,  (a l though you may be only .003 of an inch  o f f  t h e  su r face )  you can 
ha rd ly  imagine t h e  sensa t ion .  

What t h e  

J u s t  one good t w i s t  of t h e  wrench and t h e  nut  s t a y s  

The i n d u s t r i a l  a p p l i c a t i o n  of t h e  a i r  pad bear ing  i s  l a r g e l y  f o r  moving 
The young lady i s  e a s i l y  maneuvering 10,000 pounds ac ross  very  heavy loads.  

t h e  a i r  bea r ing  p l a t e  wi th  t h e  t i p  of one f i n g e r .  
t u a l l y  f r i c t i o n l e s s .  
of t h e  load and t h e  a i r  r e s i s t a n c e ,  j u s t  a s  though t h e  load were suspended 
on an  i n f i n i t e l y  long pendulum from above. General  Dynamics has u t i l i z e d  
t h i s  p r i n c i p l e  i n  making a p rec i s ion  shee t  metal  welder. 
ways and gas bea r ings  t o  improve the  v e r t i c a l  t o l e r a n c e  of t h e i r  welder t e n  
f o l d .  The b e s t  b a l l  bea r ing  assemblies t h a t  they could o b t a i n  p rev ious ly  
permi t ted  a v e r t i c a l  movement of  ,005 of an inch ,  a s  t h e  welding head was 
extended f ive  f e e t .  By going t o  gas bear ings  they cu t  t h i s  t o  one-half  
a thousandth and were a b l e  t o  improve t h e  p r e c i s i o n  of t h e i r  welder t e n f o l d .  

A i r  bear ings  a r e  v i r -  
The primary concern i s  wi th  overcoming t h e  i n e r t i a  

They u s e  c y l i n d r i c a l  

I f  you t a k e  a mechanical idea l i k e  t h i s  and t r a n s f e r  i t  over  i n t o  t h e  
f i e l d  of medicine, t h e  r e s u l t s  can be q u i t e  s t a r t l i n g .  Some of you may have 
had cardiograms taken t o  t e s t  your h e a r t .  The most common type ,  t h e  e l e c t r o -  
cardiogram, i s  not  capable  of d e t e c t i n g  i n c i p i e n t  o r  very e a r l y  h e a r t  d i s -  
o rde r s .  
which works on t h e  p r i n c i p l e  of recording t h e  r e c o i l  o f  t h e  hea r t .  
f i r m  t h a t  1 mentioned before ,  AstroSpace Labora tor ies  i n  H u n t s v i l l e ,  

There i s  a newer type  of cardiograph c a l l e d  t h e  b a l l i s t o c a r d i o g r a p h  
The 
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a group of men who a c t z a l l y  learned t h e i r  t r a d e  while  working on t h e  guidance 
system f o r  t h e  Sa turn ,  have prepared and o f f e r e d  commercially t h i s  a i r  bear- 
i ng  ba l l i s toca rd iog raph  i n  which the  p a t i e n t  l i e s  on a t a b l e  which i s  j u s t  
a s  s teady  a s  a rock  u n t i l  t h e  a i r  i s  rurned on. 
completely i s o l a t e d  frcm bui ld ing  v i b r a t i o n .  The o l d e r  type of b a l l i s t o c a r -  
diograph used long wires from the  c e i l i n g ,  and a f t e r  you had climbed on t h i s  
shaky platform,  b u i l d i n g  v ib ra t ions  coming down t h e  wires  f r equen t ly  i n t e r -  
f e r e d  wi th  d iagnos is .  
i n d i r e c t  t r a n s f e r  from i n e r t i a l  g'iidance t o  b e t t e r  heart: d iagnos is ,  
t h i s  i s  a primary example of t h e  i n d i r e c t  and devious r c u t e  t h a t  a space 
r e l a t e d  development can go through before  i t  f i n d s  commercial app l i ca t ion .  

Then he i s  fk.iated f r e e ,  

With t h i s  new design w e  have an i d e a l  example of an 
Cer t a in ly  

Magnetic Pu l se  Metalworking 

I n  t h e  space program a g rea t  v a r i e t y  of h igh  energy r a t e  metal  forming 
processes  a r e  being developed, 3e re  on t h e  Sa turn  tankage program a t  Hunts- 
v i l l e ,  they have g r e a t l y  excended t h e  concept of magnetic p z l s e  metal  forming, 
i n  which e l e c t r i c a l  energy i s  s tored  i n  banks of c a p a c i t o r s  and dumped i n t o  
t h i s  c o i l  i n  a mactter of  a mi l l i on th  of a second. The eddy cu r ren t  s ec  up 
f o r c e s  t h e  meta l  t o  expand or cont rac t  e i t h e r  aga ins t  a d i e  o r  aga ins t  a 
mating work p iece .  
t hese  cor ruga t ions  a long  t h e  tank,  they were a b l e  t o  reduce t h e  w a l l  t h i ck -  
ness  of t h i s  aluminum tank from 3/10 of m inch  t o  1/10 of an inch.  NASA's 
con t r ibu t ion  he re  has been la rge ly  t h a t  of extending t h e  range of t h i s  
technique t o  very  l a r g e  s i z e s  of work and f a i r l y  heavy wa l l  s e c t i o n s ;  and 
they  have reduced t h e  machines involved t o  a small  hand-held p o r t a b l e  u n i t  
t h a t  i s  i d e a l f o r  doing magnetic swedging. I f  any of you make devices  t h a t  
have swedged f i t t i n g s ,  cab le  end connect ions,  e l e c t r i c a l  assemblies ,  I 
suggest  you lock i n t o  t h e  p o s s i b i l i t i e s  of magnetic swedging, Magnetic 
swedging sh r inks  t h e  metal  around t h e  work p i ece  wi th  f a r  less sp r ing  back 
than any o t h e r  technique which we know making a s t ronge r ,  s a f e r  j o i n t .  

I n  t h i s  hydrogen peroxide tank f o r  Sa turn ,  by p l ac ing  

A f i r m  i n  Kansas has a problem, a f a i r l y  p rosa i c  problem perhaps,  but  
nonethe less  important  t o  them. They make camping equipment, and they were 
having t r o u b l e  keeping t h e  ends of Nylon rope from f ray ing .  
t o  them t h e  magnetic swedging of aluminum o r  b ra s s  f e r r u l e s  or  f i t t i n g s  on 
t h e  end of t h e i r  nylon rope and it seems t o  be working q u i t e  w e l l .  I f  you 
have every t r i e d  t o  t i e  a knot i n  t h e  end of a nylon rope ,  you w i l l  appre- 
c i a t e  t h i s  homely example. 
of t h a t  rope ,  i t ' s  on t h e r e  so t i g h t  you c a n ' t  p u l l  i t  o f f  wich a t e s t i n g  
machine. 

We suggested 

I n c i d e n t a l l y  when t h a t  f i t t i n g  i s  on t h e  end 

R e l i a b l e  Solder inq  

I mentioned some of NASA's management concerns wi th  th ings  such a s  
q u a l i t y  assurance and r e l i a b i l i t y .  
t h a t  they need i n  t h e i r  e l e c t r i c a l  assembl ies ,  NASA has found i t  necessary  
t o  redo t h e  convent ional  MIL-spec so lde r ing  technique f o r  h ighes t  e l e c t r i c a l  
r e l i a b i l i t y .  To implement t h i s ,  they have developed two s p e c i a l  so lde r ing  
schoo l s ,  one a t  Western Operations O f f i c e  i n  Santa Monica and t h e  o t h e r  a t  
H u n t s v i l l e ,  where a two week course i s  put  on t o  t r a i n  so lde r ing  supe rv i so r s  
and in spec to r s  t o  s o l d e r  t o  high p rec i s ion  and high r e l i a b i l i t y  requirements .  
J u s t  a s  an example of t h i s ,  one of  my a s s o c i a t e s  decided he would s e e  i f  
t h e r e  was r e a l l y  anything t o  these  new methods, so he made a cha in  of twelve 
s e r i e s  connect ions fo l lowing  t h e  MIL-spec procedures and another  u s ing  t h e  
NASA procedures ,  With any ohmmeter of good s e n s i t i v i t y ,  you can measure 
t h e  improvement. 

I n  o rde r  t o  o b t a i n  t h e  high r e l i a b i l i t y  
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The Ha l l ibu r ton  O i l  Company of Oklahoma, a f i r m  which i s  p r imar i ly  
concerned wi th  f i e l d  measurements such a s  o i l  we l l  logging and geophysical  
p rospec t ing ,  found t h a t  one o f  t h e i r  major problems was t h e  f a i l u r e  of t h e i r  
e l e c t r o n i c  and e l e c t r i c a l  equipment i n  t h e  f i e l d .  They obta ined  from ^as 
s e v e r a l  copies  of t h e  NASA so lder ing  mama1 and put on t h e i r  own t r a i n i n g  
course. 
of equipment i n  t h e  f i e l d  have f a l l e n  l o r r y  p e r  cent .  

They wrote r e c e n t l y  t h a t  s ince  adopt ing t h e  new procedures ,  f a i l u r e s  

S in t e red  Oxide Ceramics 

This  i s  an alumina b a l l  which w e  found i n  u s e  i n  a l i q u i d  oxygen system. 
It was s e l e c t e d  f o r  t h i s  u s e  p r imar i ly  because it could be ground t o  be per-  
f e c t l y  s p h e r i c a l  on ord inary  b a l l  bear ing  gr inding  equipment a t  room temper- 
a t u r e ,  and it would s t a y  sphe r i ca l  when cooled t o  l i q u i d  oxygen temperatures .  
Unlike s tee l  b a l l s  t h e  g r a i n  s t r u c t u r e  of t h e  m a t e r i a l s  doesn ' t  t ake  i t  o u t  
of round, and t h e  b a l l  r e t a i n s  i t s  s p h e r i c i t y  from about 1,000 degrees down 
t o  l i q u i d  hydrogen temperatures.  This  i s  t h e  reason i t  was piit i n  use ;  
then  they  found they  had a bonus. I n  a c t u a l  u s e  t h i s  b a l l  which i s  a s  hard 
a s  a sapphi re  w i l l  o u t l a s t  hardened s t e e l  check va lve  b a l l s  by a f i v e  t o  
one f a c t o r ,  

A S t .  Louis r e f r i g e r a t i o n  f i rm had a s i m i l a r  problem i n  t h e  small 
poppet valve i n  t h e i r  r e f r i g e r a t i o n  u n i t .  They were somewhat apprehensive 
about t h e  cos t  of aerospace mater ia l .  Th i s  i s  one f a c t o r  t h a t  i ndus t ry  i s  
understandably anxious about. ,They fiE;ure t h a t  i f  t h e  space program can 
a f f o r d  i t ,  they c e r t a i n l y  c a n ' t .  This  i s n ' t  n e c e s s a r i l y  t r u e ,  and t h e  S t .  
Louis manufacturer was de l igh ted  t o  f i n d  t h a t  b a l l s  he wanted i n  t h e  s i z e  
f o r  h i s  expansion v a l v e  cos t  $.22 a piece.  

Ref rac tory  Weld Back-up Tape 

Many of t h e  o rd ina ry  i n d u s t r i a l  t echnologies  a r e  involved i n  NASA's 
work. 
techniques  used by t h e  very most advanced aerospace con t r ac to r s  t o  so lve  
t h e i r  engineer ing,  f a b r i c a t i o n  and design problems. This  t a k e s  NASA i n t o  
problems a s  simple and everyday a s  welding. Here we see once again f o r  
t h e  Sa turn  tankage program, u s e  of r e f r a c t o r y  f i b e r g l a s  weld back-up tape .  
I n  making these  tanks  t h i r t y - t h r e e  f e e t  i n  diameter ,  NASA wanted t o  make 
s i n g l e  pass  welds cont inuously around t h e  circumference of these very l a r g e  
tanks  without i n t e r r u p t i o n .  They found they could nctdo t h i s  wi th  conven- 
t i o n a l  water cooled back-up bars .  They t r i e d  a l o t  of techniques.  The 
s i m p l e  expedient of u s ing  r e f r a c t o r y  t ape  en t h e  back of t h i s  weld permi t ted  
a through p e n e t r a t i o n  weld wi th  a f a i r l y  good, smooth su r face .  This  has  
been of u s e  t o  a l a r g e  number of i n d u s t r i e s .  Some of them have been a b l e  
t o  u s e  i t ;  some have not .  It depends upon t h e  app l i ca t ion .  I n  c e r t a i n  
a p p l i c a t i o n s ,  i t  may e l imina te  welding from both s i d e s ,  e s s e n t i a l l y  a 
f i f t y  pe r  cent  r educ t ion  i n  welding cos t s .  

After a l l ,  what i s  space technology? It i s  e s s e n t i a l l y  t h e  engineer ing  

Beryl l ium Oxide Heat Sinks 

Many of our  space borne e l e c t r o n i c s  use  a unique m a t e r i a l  s i n t e r e d  
b e r y l l i a .  This  i s  a ceramic ma te r i a l  which has some very  unusual p r o p e r t i e s ,  
It combines t h e  e l e c t r i c a l  r e s i s t i v i t y  of  h igh  grade po rce l a in  and t h e  
thermal  conduct iv i ty  of yellow brass .  Used i n  e l e c t r i c a l  assemblies  l i k e  
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t h i s ,  t h e  hea t  genera t ing  complements a r e  i n  d i r e c t  e l e c t r i c a l  contac t  wi th  
t h e  b e r y l l i a  hea t  s i n k  block, which conducts away t h e  hea t ,  e l imina t ing  t h e  
use  of f a n s  o r  blowers,  r e s u l t i n g  i n  a l i g h t e r  more r e l i a b l e  a i rbo rne  o r  
spaceborne p a r t .  I n  t a l k i n g  t o  a f i r m  i n  DesMoines, w e  found t h a t  they were 
machining out  by very ted ious  techniques aluminum r e s i s t o r  housings,  essen- 
t i a l l y  a hea t  s ink .  We suggested t o  them t h e  u s e  of molded b e r y l l i a  f o r  
t h i s  purpose. Although it i s  i n i t i a l l y  more expensive than  aluminum, they  
t r i e d  it. They wrote u s  and t o l d  u s  t h a t  t h e  a p p l i c a t i o n  of t h i s  b e r y l l i a  
m a t e r i a l  had r e s u l t e d  i n  s u b s t a n t i a l  savings i n  t h e  number of man hours 
r equ i r ed  t o  assemble t h e i r  u n i t s .  

EXD l o s i v e  Forming. 

There a r e  many advances i n  technologica l  f i e l d s  such a s  explos ive  forming. 
Ce r t a in ly  explos ive  forming i s  not new; t h e  most advanced aerospace companies 
u s e  explos ive  forming a s  a rout ine  method of f a b r i c a t i o n .  But w e  found i n  
checking around our  p a r t  of t h e  country t h a t  very few f i rms  had working know- 
how and c a p a b i l i t i e s  i n  explosive forming. By explos ive  forming, very l a r g e  
complex shaped assemblies such as t h i s  can be f ab r i ca t ed .  A f i r m  i n  our  
a rea  wanted t o  make twenty f o o t  diameter d i s h  tank  heads, one inch  th i ck .  
They had convinced t h e i r  management LO i n v e s t  $4 m i l l i o n  i n  a hot  sp inning  
f a c i l i t y  f o r  t h i s  purpose. Then w e  t o l d  them about t h e  p o s s i b i l i t y  of doing 
t h i s  by explos ive  forming techniques.  W e  made a v a i l a b l e  t o  them NASA r e p o r t s  
on explos ive  forming of  dished tank heads a s  l a r g e  a s  160 inches i n  diameter ,  
put them i n  d i r e c t  contac t  wi th  t h e  two men a t  Hun t sv i l l e  who supervised 
t h i s  work. They made an engineer ing s tudy of t h e  c o s t s  involved. We 
checked wi th  them l a s t  week t o  see how t h e  program was coming along. They 
have s u b s t a n t i a l l y  abandoned t h e i r  p l ans  t o  b u i l d  a $4 m i l l i o n  hot  sp inning  
f a c i l i t y .  They now p lan  t o  go ahead and manufacture t h e s e  twenty foo t  
diameter tank  heads by explosive forming a t  a cos t  saving of $2 mi l l i on .  

F i r e  Restive Foam I n s u l a t i o n  

I f  you have an a s t ronau t  t o  p r o t e c t ,  t h e  bes t  i s  none too  good. Here 
w e  see Scot t  Carpenter p rac t i c ing  e n t r y  i n t o  t h e  escape v e h i c l e  used a t  Cape 
Canaveral  t o  p r o t e c t  t h e  workmen i n  t h e  event of a d i s a s t r o u s  f i r e .  Th i s  
aluminum bodied t r a c k  v e h i c l e  i s  i n s u l a t e d  on t h e  o u t s i d e  ( the  f u r r y  looking 
coa t ing)  wi th  th ree - fou r ths  of an i n c h  of thermal  i n s u l a t i o n .  The foam 
i n s u l a t i o n  i s  sprayed on and i t s  des ign  s p e c i f i c a t i o n s  c a l l  f o r  p r o t e c t i n g  
t h e  occupant f o r  30 minutes from a 2,000 degree f i r e  r ag ing  on t h e  ou t s ide .  
The t enpe ra tu re  i n s i d e  t h a t  aluminum van never rises above 100 degrees.  This  
i s  t r u l y  a very  f i n e  i n s u l a t i o n .  I t ' s  a l i t t l e  b i t  expensive. There a r e  a 
number of s i m i l a r  m a t e r i a l s  which w e  t h i n k  have cons iderable  p o s s i b i l i t y  i n  
f i r e p r o o f  bu i ld ing  panel  cons t ruc t ion ;  t o  make poss ib l e  t h e  cons t ruc t ion  of 
l i g h t  weight t h i n  wa l l  f i r e  r e s i s t i n g  o f f i c e  equipment, s a f e s ,  f i l e s  and 
so f o r t h .  Most e x c i t i n g  of a l l  i s  t h e  p o s s i b i l i t y  t h a t  t h i s  might r e p l a c e  
t h e  concre te  now put  around s t r u c t u r a l  s t e e l ,  not  f o r  s t r e n g t h  purposes but  
t o  p r o t e c t  t h e  s t r u c t u r e  from a f i r e .  

Co I d  Galvanizing 

Do any of you have corrosion problems? Well, so does NASA. This  i s  
Launch Complex No. 34 down a t  the Cape. It i s  now t h e  t a l l e s t  s t r u c t u r e  
i n  t h e  s t a t e  of F lor ida .  You can g e t  some i d e a  of t h e  s i z e  of t h i s  s t r u c t u r e  



i f  I can f i n d  t h e  men s tanding  here. This  s t r u c t u r a l  s t e e l  assembly i s  
exposed t o  c o a s t a l  humidity,  fog ,  blowing sand, workmen climbing over  i t  and 
frequent  changes by welding. How would you p r o t e c t  t h a t  from cor ros ion?  
NASA i n v e s t i g a t e d  many d i f f e r e n t  schemes f o r  p r o t e c t i n g  t h e s e  assemblies  
and f i n a l l y  s e l e c t e d  a "cold galvanizing" technique i n  which one coat  of 
ga lvanic  p a i n t  i s  appl ied  a t  t h e  f a c t o r y ,  t h e  s t e e l  i s  shipped t o  t h e  Cape, 
e r e c t e d ,  a second coa t  i s  applied and s e a l e d .  This  has turned o u t  t o  be 
t h e  l e a s t  c o s t l y  means of p r o t e c t i n g  t h i s  s t r u c t u r e ,  and i t  i s  now being 
very widely s p e c i f i e d  f o r  a number o f  i n d u s t r i a l  s t e e l  s t r u c t u r e s ,  some 
of them a l ready  i n  p l a c e  and needing p r o t e c t i o n ,  while  o t h e r s  f i n d  i t  
d e s i r a b l e  t o  p r o t e c t  such t h i n g s  a s  rocker  pane ls  of automobiles. 

Non Lubricated Bearings 

We never r e a l l y  needed t o  opera te  b a l l  bear ing  assemblies  i n  t h e  ha rd ,  
cold vacuum of space u n t i l  a few y e a r s  ago. Lubr ica t ion  i n  space i s  q u i t e  
a problem. Now engineers  working on t h i s  problem have e s s e n t i a l l y  solved 
i t .  When w e  were a t  Lewis  Laborator ies  i n  Cleveland, we saw many bear ing  
assemblies  undergoing t e s t s .  Here i s  one o p e r a t i n g  a t  l i q u i d  hydrogen 
temperatures  i n  an unlubr ica ted  condi t ion.  We a r e  t o l d  t h a t  by t h e  u s e  
of a b a l l  bear ing  r e t a i n e r  comprised o f  f i b e r g l a s  r e i n f o r c e d  Teflon impreg- 
na ted  wi th  molybdenum d i s u l f i d e ,  t h e  bear ing  can o p e r a t e  e s s e n t i a l l y  f o r  
t h e  f a t i g u e  l i f e  o f  t h e  m e t a l l i c  components. You d o n ' t  need t o  send 6n 
engineer  around o c c a s i o n a l l y  t o  l u b r i c a t e  your s a t e l l i t e s .  

P r i n t e d  Cables 

Those of you who may be dr iv ing  a 1962 Buick a r e  a l ready  b e n e f i c i a r i e s  
of some of NASA's ingenui ty .  This i s  t h e  wir ing  harness  behind t h e  dash- 
board i n  a 1961 Buick. The engineer t o l d  m e  t h a t  he d i d n ' t  have a man i n  
h i s  f a c t o r y  who could put t h a t  assembly i n  r i g h t  t h e  f i r s t  t ime,  This  i s  
p r i n t e d  cab le .  It i s  a f l e x i b l e ,  multi-conductor assembly developed by 
Von Braun's group, c a r r i e d  t o  a very high degree,  checked ou t  on performance 
p r i m a r i l y  t o  reduce t h e  weight and improve t h e  r e l i a b i l i t y  of missile 
wir ing.  A s  you saw, many of t h e  e a r l y  P o l a r i s  launches were f a i l u r e s .  You 
perhaps saw i n  photographs a gaggle o f  wires  t r a i l i n g  ou t  t h e  back end o f  
t h e  assembly. The wir ing  was simply t o r n  loose ;  i t  could no t  s tand  t h e  
a c c e l e r a t i o n  of launch. With pr in ted  c a b l e  you can cement t h e  c a b l e  d i r -  
e c t l y  t o  t h e  suppor t ing  s t r u c t u r e ,  It  i s  very l i g h t  weighing only  about 
15% a s  much a s  convent ional  wiring. Buick adopted t h i s  p r i n c i p l e  l a s t  
yea r .  This  darker  colored f l e x i b l e  wir ing  assembly i s  made by a smal l  f i r m  
i n  Chicago under c o n t r a c t  t o  them and cemented t o  t h i s  a c e t a l  i n j e c t i o n  
molded dash i n s e r t .  Not ice  p a r t i c u l a r l y  t h a t  i t  forms no t  on ly  t h e  wir ing  
f o r  t h e  dashboard, bu t  t h e  l i g h t  sockets  f o r  t h e  lamps a s  w e l l .  It t u r n s  
o u t  t h a t  t h e  c o s t  of t h i s  assembly and t h e  hand made u n i t  i s  about t h e  
same. So t h i s  i s  not  a c o s t  saving f e a t u r e  f o r  Buick, but t h e r e ' s  n o t  a 
man i n  t h e  f a c t o r y  who can p u t  t h i s  one i n  wrong. Savings of assembly 
t i m e  and freedom from t r o u b l e  within t h e  warranty per iod  makes Buick happy 
t o  be p a r t i c i p a t i n g  and benef i t ing  from t h e  e x t e n s i v e  development work per- 
formed a t  Huntsv i l le .  

S i l e n t  Chain F r i c t i o n  Drive 

One l a s t  i t e m ,  Occasionally,  budgetary problems produce some unusual  
innovat ions  from NASA. When we were a t  t h e  A m e s  Research Center i n  Pa10 
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Al to  w e  saw t h e  very  l a r g e  f ive  degree of motion s imula tor  t h a t  was developed 
f o r  p i l o t  t r a i n i n g .  This  revolves  a p i l o t  cab around i n  a huge c i r c l e ,  moves 
i t  up and down and g ives  i t  p i t ch ,  r o l l  and yaw. 
needed a powerful,  p r e c i s i o n  d r ive  assembly. What they  wanted was he r r ing -  
bone gears  f i v e  and t e n  f e e t  i n  diameter. I d o n ' t  know i f  you have p r i ced  
any of those  gears  r ecen t ly .  
made an  innovat ion ,  It i s  simply t h e  u s e  of s i l e n t  t iming  cha in ,  sprocket  
dr iven ,  running aga ins t  a f l a t  pu l ley  faced wi th  3/16 of an inch  of a s p e c i a l  
neoprene. The s t a t i c  c o e f f i c i e n t  of  f r i c t i o n  of t h i s  d r i v e  assembly i s  
phenomenally high,  over  , 96  i n  any tes t  t h a t  we have seen. Th i s  d r i v e  com- 
p l e t e l y  solved NASA's problems. It turned  ou t  t o  be q u i e t ,  i t  was more 
p r e c i s e  than  t h e  gear  d r i v e  and it has l e s s  accumulated back lash .  It  has 
opera ted  s u c c e s s f u l l y  f o r  two years  without  any t roub le .  And I t h i n k  t h i s  
i s  s i g n i f i c a n t ,  NASA has  c a r r i e d  t h i s  development a s  f a r  a s  they  in t end  t o  
c a r r y  i t ,  They have made t h e  innovat ion which so lves  t h e i r  problems. They 
a r e n ' t  going t o  do any more development work on it .  Many i n d u s t r i a l  f i rms  
a r e  now i n t e r e s t e d  i n  t h i s  power t ransmiss ion  device  because of i t s  low c o s t ;  
i t s  q u i e t ,  h igh p r e c i s i o n  permits  i t s  u s e  i n  servo  loops. But t h e r e  a r e  
l o t s  of  t h ings  we don ' t  know about it y e t .  
How long w i l l  i t  l a s t ?  How b i g  can i t  be made? How small  can it be made? 
What a r e  t h e  l i m i t s  of app l i ca t ion  of t h i s  device  which was developed t o  
h e l p  NASA complete t h e i r  p i l o t  t r a i n i n g  program on time? 

To d r i v e  t h i s  u n i t  they  

They cou ldn ' t  g e t  d e l i v e r y  i n  t i m e  so they  

How much power can i t  t r ansmi t?  

These a r e  a few of t h e  th ings  t h a t  w e  have seen  t h a t  s t i m u l a t e  t h e  
g r e a t e s t  i n t e r e s t  on t h e  p a r t  of indus t ry .  There a r e  some problems involved 
here.  
e f f o r t  has  been d i r e c t e d  toward a s s i s t i n g  i n d u s t r y  t o  make matches between 
t h e i r  problems and t h e  p o s s i b i l i t y  t h a t  somewhere i n  t h e  space program a 
s imilar  problem may have been encountered and t h e  s o l u t i o n  may a l r eady  be 
a t  hand. I am s u r e  t h a t  i n  t h e  plan t h a t  D r .  Wells has  you a r e  going t o  
see many s i m i l a r  e x c i t i n g  t r a n s f e r s  of technology from t h e  space program 
t o  o rd ina ry  commercial en te rp r i se .  

It does r e q u i r e  ingenui ty  on t h e  p a r t  of i ndus t ry .  Much of our  



20 

PLANS FOR CENTER OPERATIONS 

Arthur M. Weimer 
Co-Director, Aerospace Research Appl ica t ions  Center 

Dean, Graduate School of Business 

It may seem somewhat incongruous t o  mention t h e  name of Adam Smith 
i n  a conference on i n d u s t r i a l  app l i ca t ions  of aerospace research .  But 
Adam Smith once made a s ta tement  t h a t  i s  h ighly  p e r t i n e n t  t o  our  d i s -  
cuss ions  today. 
t h e  brewer, o r  t h e  baker t h a t  we expect our  d inner  bu t  f r o m t h e i r  regard  
t o  t h e i r  own i n t e r e s t , "  

H e  s a i d :  "It i s  no t  from t h e  benevolence of t h e  butcher ,  

I n  t h i s  conference w e  hope to  appeal  20 "your own i n t e r e s t . "  We hope 
t h a t  our  new Aerospace Research Appl ica t ions  Center w i l l  be of d i r e c t  
b e n e f i t  t o  t h e  p a r t i c i p a t i n g  companies by f a c i l i t a t i n g  t h e  channeling of new 
informat ion ,  i d e a s ,  concepts and processes  t o  t h e i r  work i n  a p r a c t i c a l  
manner. We b e l i e v e  t h e  new Center w i l l  a i d  t h e  Un ive r s i ty  by s t imu la t ing  
t h e  development of e f f o r t s  i n  the sc i ences  and i n  bus iness  admin i s t r a t ion .  
Beyond t h i s ,  we b e l i e v e  t h a t  i t  may c o n t r i b u t e  t o  t h e  f u r t h e r  economic develop- 
ment of t h i s  r eg ion  and thus  enhance t h e  wel l -being of  our  people  i n  t h e i r  
everyday l i v e s .  

I have been asked on occasion why those  of u s  i n  t h e  Graduate School 
of Business should be concerned with programs l i k e  those  r e l a t e d  t o  our  
new Center.  People understand f a i r l y  r e a d i l y  haw our  sc i ence  departments 
o r  a school  of engineer ing  might be i n t e r e s t e d  i n  such an e f f o r t ,  but why 
a graduate  school  of bus iness?  

The answer, i t  seems t o  m e ,  i s  f a i r l y  c l e a r ,  The adap ta t ion  of aero-  
space  r e sea rch  t o  i n d u s t r i a l  uses i s  p r imar i ly  a managerial  and entrepren-  
e u r i a l  problem. Unless t h e  heads of  our  bus iness  f i rms- - l a rge  and small-- 
become i n t e r e s t e d  i n  t h e  p o s s i b i l i t i e s  involved and a s  a r e s u l t  s t i m u l a t e  
t h e i r  managerial ,  s c i e n t i f i c ,  engineer ing and o t h e r  personnel  t o  develop 
e f f e c t i v e  a p p l i c a t i o n s  of aerospace r e sea rch ,  l i t t l e  w i l l  be  done. 

Beyond t h i s ,  i n  t h e  programs of our new Center ,  we need t h e  imaginat ion 
and e n t r e p r e n e u r i a l  s p i r i t  t h a t  i s  c h a r a c t e r i s t i c  of bus iness  leaders .  During 
t h e  d i scuss ions  wi th  M r .  James E. Webb, t he  admin i s t r a to r  of t h e  Nat iona l  
Aeronaut ics  and Space Adminis t ra t ion,  which led  t o  t h e  establ ishment  of t h i s  
program, he r e f e r r e d  on s e v e r a l  occasions t o  t h e  importance of t h e  en t re -  
p r e n e u r i a l  mind i n  t h e  success  of programs of t h i s  type.  
mind i s  not  easy t o  def ine .  Cer ta in ly  i t  i s  r ep resen ted  by such q u a l i t i e s  
a s  imaginat ion,  c r e a t i v i t y ,  and o r i g i n a l i t y ,  Beyond t h e s e  i t  probably 
inc ludes  c e r t a i n  elements of dar ing  and r i s k  t ak ing  t h a t  we more f r equen t ly  
a s s o c i a t e  wi th  t h e  bus iness  entrepreneur .  

The e n t r e p r e n e u r i a l  

We need t h i s  en t r ep reneur i a l  s p i r i t  i n  a l l  of t h e  e f f o r t s  r e l a t e d  t o  
t h e  programs of our  new Center. We hope t h a t  through c l o s e  a s s o c i a t i o n  wi th  
bus iness  l eade r s ,  w e  may he lp  t o  cap tu re  t h i s  e n t r e p r e n e u r i a l  s p i r i t  f o r  
t h e  Center and f o r  a l l  assoc ia ted  wi th  i t ,  
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The e n t r e p r e n e u r i a l  mind i s  undoubtedly one of t h e  g r e a t  a s s e t s  of t h e  
American economy. I n  a l l  p r o b a b i l i t y  w e  need t o  do more, i n  our  programs 
of s tudy,  toward i d e n t i f y i n g  and developing young people  wi th  en t r ep reneur i a l  
minds. For p re sen t  purposes,  however, we b e l i e v e  our  f i r s t  t a s k  i n  t h e  
development of a success fu l  program through our  new Aerospace Research 
Appl ica t ions  Center  i s  t o  e n l i s t  the he lp  of business  l eade r s  i n  t h i s  reg ion  
and t o  capture  some of t h e i r  t a l e n t s  and those  of t h e i r  a s s o c i a t e s  i n  order  
t h a t  w e  may a l l  s e rve  our  own i n t e r e s t  b e t t e r .  

I n  o rde r  t o  do t h i s  w e  p l an  t o  o p e r a t e  our  new Center through a system 
of company memberships. 
be a b l e  t o  e n l i s t  t h e  bes t  en t r ep reneur i a l ,  p r o f e s s i o n a l  and t e c h n i c a l  

Through these  memberships we b e l i e v e  t h a t  w e  w i l l  

t a l e n t  i n  t h i s  a r ea  and a s  a r e s u l t  t o  s t i m u l a t e  a wide v a r i e t y  of b e n e f i t s  
f o r  a l l  who a r e  involved. We be l i eve  t h e r e  w i l l  be numerous p r a c t i c a l  bene- 
f i t s  f o r  t h e  p a r t i c i p a t i n g  members--and beyond t h i s ,  we b e l i e v e  we can con- 
t r i b u t e  s i g n i f i c a n t l y  t o  t h e  f u r t h e r  economic growth of t h i s  region.  

A form i n d i c a t i n g  t h e  na tu re  of memberships i n  t h e  Center i s  a v a i l a b l e  
i n  t h e  f o l d e r  t h a t  has been provided f o r  YOU. Bas i ca l ly  a membership 
arrangement involves  support  for  t h e  Center bo th  f i n a n c i a l l y  and i n  terms 
of exper t  manpower. The memberships have been s e t  up on t h e  b a s i s  of 
$5,000 pe r  yea r ,  wi th  t h e  proviso t h a t  i n  some cases  exper t  personnel  may 
be ass igned  t o  t h e  Center i n  l i e u  o f  cash. Some minimal cash support  
w i l l  be r equ i r ed  of each member; some companies, no tab ly  t h e  l a r g e r  ones,  
may provide  both t h e  $5,000 cash support  p l u s  t h e  services of  s e l e c t e d  
personnel .  We w i l l  t r y  t o  p l an  the most e f f e c t i v e  working arrangement f o r  
each member, 
experience unfo lds .  For t h e  present ,  we hope t h e  types  of arrangements 
I have o u t l i n e d  w i l l  prove t o  be workable. 

We may wish t o  modify t h e  membership arrangement a s  our  

Our e f f o r t s  dur ing  t h e  f i r s t  year  of experimentat ion w i l l  be  l i m i t e d  
t o  workinv wi th  the  member companies. We do not wish t o  exclude any i n t e r -  
e s t e d  company and hence a r e  i s su ing  t h i s  pub l i c  i n v i t a t i o n  f o r  membership 
a p p l i c a t i o n s  a t  t h i s  meeting. But w i th in  t h e  next four  t o  s i x  weeks w e  
must have our  membership arrangements s e t t l e d  and our  programs s t a r t e d  i n t o  
e f f e c t i v e  ope ra t ion .  

A t  t h e  end of t h e  f i r s t  year of p i l o t  ope ra t ions ,  w e  w i l l  review our  
exper ience  and may a t  t h a t  t ime make p rov i s ion  f o r  a d d i t i o n a l  company mem- 
be r s .  We cannot t e l l  a t  t h i s  s tage  j u s t  what our exper ience  w i l l  i n d i c a t e .  

What w i l l  be t h e  p r i n c i p a l  b e n e f i t s  and advantages f o r  company members 
of  t h e  Center? These f a l l  i n t o  roughlythree groups: 

1. The r e o r i e n t a t i o n  and development of managerial  t h ink ing  r e l a t i v e  
t o  t h e  space e f f o r t  and i t s  p o t e n t i a l  f o r  i n d u s t r i a l  and consumer 
uses .  Th i s  may form the  b a s i s  f o r  t h e  formula t ion  of new company 
p lans  and p o l i c i e s .  

2. The oppor tuni ty  t o  study t h e  managerial  methods and processes  
that  have been worked out by NASA and i t s  v a r i o u s  i n s t a l l a t i o n s  
t o  manage huge, complex and demanding opera t ions .  Many bus iness  
f i rms  can l e a r n  much from t h i s  experience r e l a t i v e  t o  t h e  improve- 
ment of o rgan iza t iona l  c l imate ,  t h e  e f f e c t i v e  u s e  of t e c h n i c a l  and 
s c i e n t i f i c  personnel ,  the admin i s t r a t ion  of r e sea rch ,  t h e  processes  
of  c a p i t a l i z i n g  on research ,  t h e  u t i l i z a t i o n  of extremely demanding 
c o n t r o l  processes  and many o t h e r  t h ings ,  P ro fes so r  Edgar G. Williams 
of our  f a c u l t y  i s  a l ready  working on a s tudy  t o  i d e n t i f y  some of t h e  
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most promising f a c t o r s  i n  NASA's experience t h a t  may improve t h e  
o rgan iza t iona l  arrangements and a d m i n i s t r a t i v e  behavior  of bus i -  
ness  f i rms.  

3.  The oppor tuni ty  of ready access  t o  a v a r i e t y  of in format ion ,  i d e a s ,  
and concepts r e l a t i v e  t o  p o t e n t i a l  p roducts ,  p rocesses  and product  
development. It i s  i n  the f i e l d  t h a t  most people have an immediate 
concern. The o t h e r  two areas  o u t l i n e d ,  however, may o f f e r  equa l ly  
g r e a t ,  o r  poss ib ly  g rea t e r  promise. We have a l r eady  had a-number 
of i l l u s t r a t i o n s  of t h e  p o s s i b i l i t i e s  i n  t h e  product  i d e n t i f i c a t i o n ,  
development and improvement a reas  a s  a r e s u l t  of t h e  d i scuss ions  
of Colonel Young, M r .  Fong and M r .  Gadberry. Of equal  importance 
w i l l  be t h e  i d e n t i f i c a t i o n  of needs and problems of member com- 
panies  and o p p o r t u n i t i e s  t o  match t h e s e  a g a i n s t  in format ion  and 
sugges t ions  t h e  Center will develop. The Computer Center w i l l  be  
a b i g  he lp  i n  t h i s  connection. 

Perhaps I should s p e l l  ou t  somewhat more p r e c i s e l y  some of t h e  p o t e n t i a l  
b e n e f i t s  f o r  company members a s  I see them a t  t h i s  t i m e .  These w i l l  include:  

1. P r i o r i t y  of access  t o  new informat ion ,  and i d e a s  and concepts  
through t h e  Center;  NASA cannot g ive  u s  p r i o r i t y  over o t h e r  out-  
l e t s ,  bu t  we can develop our  informat ion  t o  make i t  h ighly  use- 
f u l ,  and thus  g ive  member companies a d e f i n i t e  edge i n  applying 
t h e s e  concepts.  

2. P a r t i c i p a t i o n  i n  va r ious  pane ls  of e x p e r t s  e s t a b l i s h e d  by t h e  
Center ;  

3. Access t o  our  t e c h n i c a l  l i b r a r y ,  computer s e r v i c e s  and o t h e r  f a c i l -  
i t i e s  as r equ i r ed  f o r  Center r e l a t e d  programs; 

4 .  Ready access  t o  t h e  Center ' s  f a c i l i t i e s ;  i n  some cases  access  t o  
o t h e r  Un ive r s i ty  personnel ,  

We hope a l s o  t o  provide opportuni ty  t o  p a r t i c i p a t e  i n  one o r  more gene ra l  
management meetings wi th  NASA headquarters  personnel .  

We cannot p o i n t  ou t  very p r e c i s e l y  today j u s t  how this  Center w i l l  
opera te .  One of i t s  main func t ions  i s  t o  experiment,  t o  f i n d  b e t t e r  ways of 
i d e n t i f y i n g  v i t a l  information and i d e a s  and t r a n s m i t t i n g  them more e f f e c t i v e l y  
t o  i n d u s t r i a l  and commercial users .  Thus, t h e  Center may be ope ra t ing  q u i t e  
d i f f e r e n t l y  s i x  months from now than t h e  way we expect t o  o p e r a t e  next  month. 

B a s i c a l l y  we p l an  t o  ope ra t e  wi th  a r a t h e r  f l e x i b l e  o rgan iza t ion  under 
t h e  gene ra l  chairmanship of D r .  Wells. He  w i l l  have an  i n d u s t r y  advisory  
committee and a f a c u l t y  advisory committee t o  he lp  develop guide l i n e s  f o r  
t h e  Center.  D r .  Cleland and I w i l l  serve a s  co -d i r ec to r s ,  t hus  l i n k i n g  to-  
ge the r  t h e  s c i e n t i f i c  and business  a d m i n i s t r a t i o n  a r e a s  of t h e  Univers i ty .  
Three a s s o c i a t e  d i r e c t o r s  w i l l  se rve  a s  t h e  p r i n c i p a l  ope ra t ing  heads of 
t h e  Center: M r .  Klinge w i l l  b e  a s s o c i a t e  d i r e c t o r  f o r  s c i ence ;  P ro fes so r  
T i m ,  a s s o c i a t e  d i r e c t o r  f o r  engineer ing;  and D r .  Haeberle ,  a s s o c i a t e  
d i r e c t o r  f o r  development, inc luding  management, marketing and r e l a t e d  a reas .  
I n  a d d i t i o n  t h e r e  w i l l  be var ious  a s s i s t a n t  d i r e c t o r s  f o r  s p e c i a l  areas; 
f o r  example, D r .  Doris M e r r i t t  w i l l  serve i n  t h e  Science Div is ion  a s  a s s i s t a n t  
d i r e c t o r  f o r  t h e  medical  sciences and r e l a t e d  f i e l d s .  
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By means of a s e r i e s  of working pane l s  set  up by t h e  a s s o c i a t e  and 
a s s i s t a n t  d i r e c t o r s ,  information can be eva lua ted  and channeled t o  t h e  com- 
pany members. I n  t u r n ,  t h e  company members w i l l  s e rve  on t h e  panels ,  i n d i c a t e  
t h e  kinds of needs they  have, and w e  w i l l  t r y  t o  f i n d  s o l u t i o n s  f o r  them. 

A s  I have suggested,  t h e  panels  w i l l  be composed of both Un ive r s i ty  and 
company personnel.  
combinations of a b i l i t i e s  f o r  t he  panels .  
o t h e r s  once a week. A t  some per iods  va r ious  pane l s  may m e e t  f o r  extended 
per iods .  We can now envis ion  panels  f o r  t h e  medical s c i ences  and va r ious  
s u p p l i e r s  of medical s c i ence  needs; b i o l o g i c a l  s c i ences  and i n d u s t r i e s  
r e l a t e d  t o  them; chemistry and chemical i n d u s t r i e s ;  and s imilar  arrangements 
i n  o t h e r  f i e l d s .  We a l s o  be l i eve  i t  d e s i r a b l e  t o  e s t a b l i s h  some top  manage- 
ment pane ls ,  bo th  i n  gene ra l  and f o r  s p e c i f i c  i n d u s t r i e s ,  marketing p a n e l s  
i n  va r ious  f i e l d s ,  and of course,  we p l an  f o r  engineer ing  and product 
development pane ls  of va r ious  types. 
w i l l  supply personnel  f o r  var ious  of t h e s e  par,els as r equ i r ed ;  w e  hope a l s o  
t h a t  they  w i l l  make sugges t ions  i n  regard t o  t h e  types  of pane ls  and pane l  
arrangements they  b e l i e v e  a r e  l i k e l y  t o  be m c s t  success fu l .  

Some experimentation w i l l  be  r equ i r ed  t o  f i n d  t h e  b e s t  
Some pane l s  may meet once a month, 

We hope t h a t  member bus iness  f i rms  

I n  a d d i t i o n  t o  the  work of t he  pane ls ,  w e  p l an  t o  o p e r a t e  a t e c h n i c a l  
l i b r a r y  t h a t  w i l l  be cont inuously a v a i l a b l e  t o  a l l  members. This  l i b r a r y  
w i l l  work t o  some ex ten t  i n  cooperat ion wi th  our  Computer Center ,  s i n c e  
some of t h e  NASA informat ion  w i l l  be  channeled t o  u s  by means of computer 
tapes .  We hope t o  have a h ighly  usable system of c l a s s i f i c a t i o n  f o r  t h e  
m a t e r i a l s  i n  our  l i b r a r y .  We have been assured  by NASA t h a t  we w i l l  have 
access  through t h e  Center t o  a wide v a r i e t y  of in format ion  t h a t  has  been 
i d e n t i f i e d ,  recorded and c l a s s i f i e d ,  no t  i n  t h e  m i l i t a r y  sense  of c l a s s i -  
f i c a t i o n ,  bu t  c l a s s i f i e d  f o r  ready i n d u s t r i a l  and Un ive r s i ty  use.  

Some of t h e  r e s u l t s  of  our  e f f o r t s  can be used i n  connection wi th  
va r ious  of our  e x i s t i n g  programs. Without v i o l a t i n g  agreements wi th  member 
companies t h e r e  w i l l  be some experience r e s u l t i n g  from t h e  work of t h e  Center 
t h a t  w i l l  he lp  t h e  Un ive r s i ty ’ s  s c i e n t i f i c  e f f o r t s ,  our  Executive Development 
Program, Management I n s t i t u t e s  and r e l a t e d  programs i n  execut ive  educa t ion ,  
and some information of f a i r l y  widespread p u b l i c  i n t e r e s t  can be presented  
i n  Business Horizons,  t h e  Indiana Business Review and o t h e r  p u b l i c a t i o n s  
of t h e  Bureau of Business Research. Many of our  teaching  programs w i l l  be  
enr iched  as a r e s u l t  of t h e  work of t h e  new Center. 

I n  a l l  cases ,  however, member companies w i l l  be  given every p r i o r i t y ,  
t h e i r  i n t e r e s t s  w i l l  be guarded a s  c a r e f u l l y  a s  p o s s i b l e ,  both a s  i n d i v i d u a l  
companies and a s  a group of companies a s s o c i a t e d  toge the r  i n  t h e  e f f o r t s  of 
t h e  new Center.  We hope t o  d e a l  f a i r l y  wi th  a l l  member companies, t o  t r e a t  
a l l  of them a s  n e a r l y  a l i k e  a s  poss ib l e ,  and t o  work toward t h e  b e s t  i n t e r e s t s  
of a l l  of us.  

We recognize  t h a t  we w i l l  face many problems. For example, t h e r e  a r e  
a number of problems i n  r ega rd  t o  p r o p r i e t a r y  i n t e r e s t s  i n  informat ion  and 
ideas .  We, of course,  cannot take r e s p o n s i b i l i t y  f o r  p a t e n t  problems and 
o t h e r  problems r e l a t e d  t o  them. We know t h a t  some f i rms  w i l l  want t o  with- 
ho ld  information from o t h e r s  and i n  a number of cases  t h i s  w i l l  be q u i t e  
proper .  Through t h e  work of t h e  Center w e  hcpe t o  s t i m u l a t e  some i n t e r -  
change of in format ion  between companies t h a t  w i l l  be  i n  t h e i r  b e s t  i n t e r e s t s .  

I am i n c l i n e d  t o  t h i n k  t h a t  member f i rms  w i l l  have a good chance t o  
cash  i n  on t h e i r  investments  of money and manpower i n  t h e  work of t h e  new 
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Center. I t o l d  one of my f r i e n d s  t h a t  member f i rms  r e a l i s t i c a l l y  could be 
o f f e r e d  only  a chance t o  gamble with us .  This  i s  t r u e ,  but I b e l i e v e  t h e  
odds a r e  improving every day. 

I n  a l l  of our working r e l a t i o n s h i p s ,  w e  w i l l  have t o  r e l y  a g rea t  d e a l ,  
e s p e c i a l l y  i n  t h e  e a r l y  s t a g e s ,  on t r u s t  and confidence i n  each o the r .  A 
g r e a t  many th ings  w i l l  have to be taken on f a i t h - - a t  l e a s t  f o r  a t i m e .  I 
a m  su re ,  however, t h a t  we have had enough experience wi th  bus iness  execut ives  
i n  t h i s  reg ion  t o  have confidence i n  them, and i n  t u r n  I b e l i e v e  they have 
t h e  necessary confidence i n  us.  A s  a r e s u l t  w e  have h igh  hopes f o r  our new 
Aerospace Research Appl ica t ions  Center. 
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PANEL DISCUSSION 

A pane l  d i scuss ion  concluded t h e  a f te rnoon s e s s i o n  of t h e  Conference. 
The d i scuss ion  was moderated by Professor  William L. Haeberle,  Assoc ia te  
D i rec to r ,  Development, Aerospace Research Appl ica t ions  Center.  The f o l -  
lowing pane l  members pa r t i c ipa t ed :  Robert G. Baer, Execut ive Vice 
P r e s i d e n t ,  P e r f e c t  C i r c l e  Corporation; Paul  L. Kl inge,  Assoc ia t e  D i rec to r ,  
Science,  Aerospace Research Applicat ions Center ;  E. W. Mart in ,  Jr.,  
Di rec to r ,  Indiana Un ive r s i ty  Computing Center ;  N. F. Schaefer ,  Sr. ,  Vice 
P r e s i d e n t ,  In l and  Container Corporation; Richard B. S toner ,  Execut ive 
Vice P r e s i d e n t ,  Cummins- Engine Company; Sarkes Tarz ian ,  P r e s i d e n t ,  Sarkes 
Tarz ian ,  I n c ;  and Howard L. Timms, Assoc ia te  D i rec to r ,  Engineer ing,  
Aerospace Research Appl ica t ions  Center. 
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AEROSPACE RESEARCH AND ECONOMIC DEVELOPMENT 

Robert C. Turner 
Dist inguished Serv ice  Professor  of Business Economics and P u b l i c  P o l i c y  

Graduate School of Business,  Indiana Un ive r s i ty  

I accepted t h i s  assignment t o  speak t o  a s  knowledgeable a group a s  
t h i s  wi th  a g r e a t  d e a l  of misgiving. My misgivings have i n c r e a s e d  a s  t h e  
day has progressed., I am n e i t h e r  a s c i e n t i s t ,  nor an  engineer ,  nor  a space 
t e c h n o l o g i s t .  
t h i s  task--about  space technology. But I ' l l  confess  t h a t  I f i n d  i t  more 
than  a l i t t l e  confusing. Samos, Explorer ,  Discoverer ,  T r a n s i t ,  L o f t i ,  
Freedom, Greb, I n j u n ,  T i r o s ,  Nfmbus, Aeros,  Midas, L i b e r t y  B e l l ,  Ranger, 
Mercury, Traac,  Oscar,  Apollo,  Echo, Rebound, Relay, T e l s t a r ,  Syncom, Red- 
s t o n e ,  Scout ,  A t l a s ,  T i t a n ,  D e l t a ,  Thor-Agena, Centaur,  Sa tu rn ,  Advanced 
Sa tu rn ,  Nova, Nerva. To people i n  t h e  space bus iness ,  t h e s e  names a r e  a s  
f a m i l i a r  a s  Chevrolet  and Ford, but they  sound a b i t  unworldly t o  me.  

I have read  q u i t e  a b i t - - b o t h  before  and s i n c e  being assigned 

The space language t h a t  i s  more f a m i l i a r  t o  me--that I t h i n k  both  you 
and I can understand-- is  old-fashioned d o l l a r  f i g u r e s .  I n  f i s c a l ,  1963, 
about $19 b i l l i o n  w i l l  be spent  i n  t h e  U . S .  f o r  r e s e a r c h  and development 
of a l l  k inds  by government, indus t ry ,  and u n i v e r s i t i e s  and non-prof i t  
i n s t i t u t i o n s .  About 40 p e r  cent  of t h i s ,  some $7% b i l l i o n ,  w i l l  be spent  
f o r  m i l i t a r y  reseach  and development, i n c l u d i n g  nuc lear  weapons and m i l i t a r y  
space a c t i v i t i e s ,  by t h e  Department of Defense and t h e  Atomic Energy Com- 
mission. Close t o  $2.4 b i l l i o n  o r  about one out  of every e i g h t  d o l l a r s  
spen t  i n  the  U.S. f o r  r e s e a r c h  and development w i l l  be  spent  by NASA. T h i s  
$ 2 . 4  b i l l i o n  i s ,  w e  a r e  t o l d ,  j u s t  t h e  beginning. The NASA r e s e a r c h  and 
development program w i l l  mount i n  t h e  years  ahead, Some of t h e  r e c e n t  
e s t i m a t e s  f o r  t h e  decade emanating from u n o f f i c i a l  sources  i n  Washington 
a r e  i n  t h e  $30 t o  $50 b i l l i o n  range. My own guess i s  t h a t  t h e  t o t a l  may 
be c l o s e r  t o  $100 b i l l i o n .  By t h e  end of t h e  decade, i t  i s  p o s s i b l e ,  
perhaps probable ,  t h a t  expendi tures  f o r  non-mil i tary space r e s e a r c h  and 
development may exceed m i l i t a r y  R and D ,  
does no t  exceed m i l i t a r y  R & D i n  d o l l a r  amount, i t  i s  almost s u r e  t o  exceed 
it  i n  economic s i g n i f i c a n c e ,  because v i r t u a l l y  a l l  non-mi l i ta ry  space 
r e s e a r c h  i s  u n c l a s s i f i e d .  

Even i f  non-mi l i ta ry  space R & D,  

These d o l l a r  f i g u r e s ,  however, impressive a s  they a r e ,  do no t  g i v e  
u s  t h e  r e a l  c l u e  t h a t  w e  need t o  e s t i m a t e  t h e  economic e f f e c t  o f  space 
r e s e a r c h ,  because they say nothing about t h e  c h a r a c t e r  of t h i s  research .  
We have t a l k e d  today about some of t h e  a r e a s  of knowledge which space 
r e s e a r c h  i s  explor ing.  But w e  have done l i t t l e  more than g e t  a few t a s t e s  
o f  t h i s  m u l t i - b i l l i o n  d o l l a r  r e s e a r c h  program. The examples w e  have d i s -  
cussed a r e  probably ones where i t  i s  r e l a t i v e l y  easy t o  see t h e  connect ion 
between t h e  r e s e a r c h  a c t i v i t y  and o r d i n a r y  human a c t i v i t i e s .  Most of space 
research--most of any s c i e n t i f i c  r e s e a r c h  t h e s e  days--has moved i n t o  a brave 
new world--a world t h a t  most o f  u s  o r d i n a r y  mortals  f i n d  s t r a n g e ,  incompre- 
h e n s i b l e ,  non-human. 

Las t  week's i s s u e  of Time magazine c a r r i e d  a review of a r e c e n t  book, 
The 7 t h  Annual of the Year ' s  Best Science F i c t i o n .  The reviewer notes  t h a t  
o n l y  a few of t h e  s t o r i e s  i n  t h e  book a r e ,  i n  f a c t ,  s c i e n c e  f i c t i o n .  One 
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reason  f o r  t h e  d e a r t h  of good sc ience  f i c t i o n  s t o r i e s ,  t h e  au thor  of t h e  book 
sugges ts ,  i s  t h a t  s c i ence  has caught up wi th  sc i ence  f i c t i o n .  O r  more l i k e l y ,  
Time b e l i e v e s ,  i s  t h e  p o s s i b i l i t y  t h a t ,  - 

“ . . . sc ience  f i c t i o n  i s  s u f f e r i n g  from exhaustion of t h e  a c c e s s i b l e  
pay d i r t .  I t s  c l a s s i c s ,  such a s  Conan Doyle’s Lost World, and H. G. 
Wells’  Time Machine, were s k i l l f u l  s t o r y t e l l i n g  based on knowledge 
of t h e  sc i ence  of t h e i r  time. I n  those  days, almost any educated 
f e l low could fo l low t h e  advances of sc ience .  Today few w r i t e r s  
can fo l low t h e  s c i e n t i s t s  i n t o  t h e i r  i n c r e a s i n g l y  complicated 
jung le s ,  and what t hey  f i n d  does ne t  support  good s t o r y t e l l i n g .  
Science f i c t i o n  w i l l  have t o  t a k e  a b rea the r  a n t i 1  n e u t r i n o s ,  
wave mechanics and information theo ry  grow f a m i l i a r  enough t o  
be c lo thed  i n  human terms.” 

Even a s  l i t t l e  a s  one genera t ion  ago, i t  was r e l a t i v e l y  easy t o  t r a c e  
t h e  l i nkage  between s c i e n t i f i c  r e sea rch  znd development, and i n d u s t r i a l  
a c t i v i t y .  This p a r t  of t h e  country--Indiana,  Ohio, Michigan, I l l i n o i s - - a r e  
i n d u s t r i a l l y  what they a r e  today because of s c i e n t i f i c  developments 25 o r  
50 yea r s  ago i n  e l e c t r i c i t y ,  automotive mechanics, aerodynamics, r a d i o ,  
chemis t ry ,  b i o l o g i c a l  s c i ence ,  medicine, and s i m i l a r  f a m i l i a r  a r e a s  of study. 
I d a r e  say t h a t  every bus iness  execut ive  he re  ton igh t  can i d e n t i f y  one o r  
more s c i e n t i f i c  developments of not-so-long ago t h a t  provided the foundat ion  
f o r  much of today’s  bus iness .  

But t h e  change i n  t h e  cha rac t e r  of s c i e n t i f i c  r e sea rch  and development 
t h a t  has  made it d i f f i c u l t  t o  w r i t e  s c i e n c e  f i c t i o n  a l s o  makes i t  d i f f i c u l t  
t o  s e e  t h e  l inkage  between sc ience  and day-to-day i n d u s t r i a l  ope ra t ions .  
Th i s  change has s e v e r a l  dimensions. 
r e sea rch ,  a s  opposed t o  appl ied  r e sea rch ,  has increased  g r e a t l y ,  e s p e c i a l l y  
i n  t h e  case  of p u b l i c l y  f inanced  r e sea rch .  
end products--motors, v e h i c l e s ,  home app l i ances ,  and t h e  l i k e - - r e s e a r c h  has 
s h i f t e d  back toward t h e  atomic and sub-atomic n a t u r e  of ma t t e r  and t h e  
anatomy of energy. Some t h i r t y  years  ago, when I was an undergraduate s t u d e n t  
o f  phys ics  and chemistry,  I was t o l d  t h a t  s o l i d - s t a t e  phys ics  was a l l  b u t  a 
c losed  book. 
phys ics  have been publ i shed  i n  t h e  s c i e n t i f i c  j o u r n a l s  than  i n  a l l  of prev ious  
recorded h i s t o r y .  A s  long a s  r e sea rch  was concerned p r i m a r i l y  wi th  end 
products ,  i n d u s t r i a l  a p p l i c a t i o n s  were f a i r l y  obvious and t h e  number of 
p o t e n t i a l  c o n t r i b u t i o n s  was f a i r l y  l imi t ed .  Conceivably, a l l  t h e  inven t ions  
of t h i s  kind could be invented. But once we s t a r t  exp lo r ing  i n t o  t h e  n a t u r e  
o f  ma t t e r  and of energy, t h e  inc rease  i n  t h e  number of permutations and com- 
b i n a t i o n s ,  by t h e  t ime t h e  end-product s t a g e  i s  reached, becomes exponent ia l .  

F i r s t ,  t h e  r e l a t i v e  importance of b a s i c  

I n s t e a d  of focus ing  p r i m a r i l y  on 

I n  t h e  p a s t  t e n  years ,  more s c i e n t i f i c  papers on s o l i d - s t a t e  

A second c h a r a c t e r i s t i c  of contemporary r e s e a r c h  and development i s  i t s  
extreme complexity. This  complexity a r i s e s  p a r t l y  from t h e  obvious f a c t  t h a t  
it i s  more advanced; today’s  r e sea rch  has always been more complex than  yes- 
t e r d a y ’ s .  

P a r t l y ,  i t  a r i s e s  from t h e  f a c t  t h a t  t h e  ins t ruments - - the  too l s - -o f  
r e s e a r c h  a r e  f a r  supe r io r  t o  those of a gene ra t ion  ago. Symbolic of t h i s  
s u p e r i o r i t y  i s  t h e  computer, successor t o  t h e  c a l c u l a t o r .  One might dev i se  
a Pa rk inson’ s  l a w  o f  research:  the  complexity of r e s e a r c h  au tomat i ca l ly  
expands t o  consume t h e  capac i ty  of t h e  a v a i l a b l e  t o o l s  f o r  doing r e sea rch .  

But t h e  most important reason f o r  t h i s  complexity, I b e l i e v e ,  i s  t h e  
f a c t  t h a t  t h e  progress  of sc ience  has  had t h e  e f f e c t  of t e a r i n g  down the 
w a l l s  between s c i e n t i f i c  d i s c i p l i n e s ,  of r e v e a l i n g  t h e  u n i t y  of na tu re .  The 
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day once was when man could do advanced--for h i s  t ime-- research  in boEany 
without knowing much abGut chemistry, o r  i n  chemistry without knowing any- 
t h i n g  about nuc lear  physics.  Noi so today. I n c r e a s i n g l y ,  s c i e n c e  has 
become an i n t e g r a t e d  whole, and almost any s o p h i s t i c a t e d  s c i e n t i f i c  i n q u i r y  
i n e v i t a b l y  reaches  i n t o  s e v e r a l  of t h e  convent iona l  s c i e n t i f i c  d i s c i p l i n e s .  
This  i s  t h e  reason ,  of course,  fo r  t h e  team-work approach t o  so much of con- 
temporary r e sea rch .  I am t o l d  t h a t  NASA u t i l i z e s  s c i e n t i s t s  of almost every 
d e s c r i p t i o n ,  from nuclear  p h y s i c i s t  t o  micro-b io logis t  , from neurophys io log i s t  
t o  astronomer, from m e t a l l u r g i s t  t c  meteoro logis t  , and t h a t  an e f f o r t  l i k e  
P r o j e c t  Gemini r e q u i r e s  t h e  co-ordinated e f f o r c s  of thousands of s c i e n t i s t s  
and t e c h n o l o g i s t s  i n  hundreds of d i f f e r e n t  f i e l d s .  

S t i l l  a t h i r d  a t t r i b u t e  o f  contemporary s c i e n t i f i c  r e s e a r c h  and develop- 
ment i s  t h e  po in t  Time magazine makes--the ex ten t  to which t h e  work of s c i e n c e  
has gone beyond t h e  r e a l m  of experience of t h e  o rd ina ry  man. We comprehend 
by a s s o c i a t i n g  t h e  new and unfami l ia r  wi th  t h e  o l d  and f a m i l i a r ,  wi th  something 
which i s  a l r eady  a p a r t  of our experience.  A microbe I can comprehend; i t ' s  
something l i k e  a bug. But DNA eludes me. The atom I can v i s u a l i z e ,  bu t  
a n t i - m a t t e r  b a f f l e s  me. 

- 

I t h i n k  i t  i s  t h i s  aspec t  of space technology t h a t  causes many of u s  
t o  be h e s i t a n t  about g e t t i n g  involved i n  i t .  The whole bus iness  seems s o  
f o r e i g n  t o  everyday experience.  Space i s  a long way up t h e r e ;  none of us  
has  had any experience wi th  t h a t  empty a rea .  I have been f a i r l y  co ld  a t  
v a r i o u s  t i m e s  i n  my l i f e ,  but abso lu t e  zero i s  j u s t  a number t o  me; I c a n ' t  
f e e l  t h a t  degree of cold.  Archibald MacLeish r e c e n t l y  s a i d ,  

... t h e  knowledge of t h e  f a c t  has somehow o r  o t h e r  come loose  
from t h e  f e e l  of t h e  f a c t ,  and ... it i s  now p o s s i b l e ,  f o r  t h e  
f i r s t  t ime i n  human h i s t o r y ,  t o  know a s  a mind what you cannot 
comprehend a s  a man ... Not u n t i l  mankind i s  a b l e  again t o  s e e  
f e e l i n g l y  ... w i l l  t h e  c r u c i a l  f l aw  a t  t h e  h e a r t  of our c i v i l i z a t i o n  
be healed." 

I I  

My po in t  i s  n o t  so ambitious a s  h e a l i n g  t h e  c r u c i a l  f l aw  a t  t h e  
h e a r t  of our c i v i l i z a t i o n ,  but r a t h e r  t h e  much s impler  one t h a t ,  modern 
s c i e n t i f i c  r e sea rch  and development being what i t  i s ,  i t  i s  d i f f i c u l t  f o r  
businessmen and s t u d e n t s  of t h e  bus iness  process  t o  g e t  a r e a l  f e e l  f o r  
t h e  a p p l i c a b i l i t y - - t h e  linkage--of t h i s  r e s e a r c h  t o  bus iness  ope ra t ions .  

Y e t ,  the l i nkage  i s  s u r e l y  the re .  I n  t h e  f u t u r e  a s  i n  the p a s t ,  
economic development--economic growth--will be determined by much t h e  
same in f luences  t h a t  have determined i t  i n  t h e  p a s t .  These i n f l u e n c e s  
have been t h e  s u b j e c t  of i n t ens ive  s tudy  i n  r e c e n t  y e a r s ,  p a r t l y  because ~ 

of t h e  p o l i t i c a l  a t t e n t i o n  t h a t  has been d i r e c t e d  toward our  lagging  r a t e  
of economic growth, and p a r t l y  because c e r t a i n  economic r eg ions  of t h e  
country have surged ahead much m o r e  r a p i d l y  than  have o t h e r  a r e a s .  

These s t u d i e s  have y i e lded  much v a l u a b l e  information. We know a l o t  
more about t h e  growth process than w e  d i d  even a s  l i t t l e  a s  10 y e a r s  ago. 

S ince  1929,  a real  GNP i n  the  U. S .  has inc reased  by about 2.9 pe r  
c e n t ,  compounded annually.  Of t h i s  2 . 9  p e r  c e n t ,  about 1 . 3  per  cent  can 
be a t t r i b u t e d  t o  i n c r e a s e s  i n  t o t a l  employment and about 1.6 pe r  cent  t o  
o t h e r  f a c t o r s .  It i s  t h i s  remaining 1.6 p e r  cen t  t h a t  i s  of primary 
i n t e r e s t  t o  u s ,  because t h e  1 . 3  per cent  average annual i n c r e a s e  i n  
t o t a l  employment has been almost matched by t h e  i n c r e a s e  i n  popu la t ion ,  
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i . e .  t h e  percentage i n c r e a s e  i n  the number of hands t h a t  work has  been 
nea r ly  matched by the  inc rease  i n  mouths t o  feed .  The inc rease  i n  output  
per  man i s  a f a i r l y  good measure of t h e  inc rease  i n  ou r  r e a l  s tandard  of 
l i v i n g .  

Output per  worker would have increased  s u b s t a n t i a l l y  more i f  w e  had 
not  e l e c t e d ,  over t h i s  time per iod,  t o  shor ten  the  average work week by 
some n ine  hours .  
by about  2 . 1  per  c e n t .  

Output per  man-hour worked i n  t h e  t o t a l  economy inc reased  

A r e c e n t  s tudy by Edward Denison a t t empt s  t o  i d e n t i f y  t h e  sources  of 
t h i s  2 .1  per  cen t  and t o  determine what per  c e n t  can be a t t r i b u t e d  t o  each 
source.  He i n v e s t i g a t e s  a long l i s t  of f a c t o r s ,  18 of them, inc lud ing  t h e  
e f f e c t  of s h o r t e r  hours  on the  q u a l i t y  of work, increased  experience and 
b e t t e r  u t i l i z a t i o n  of  women workers,  changes i n  the  age-sex composition 
of t h e  l abor  f o r c e ,  changes i n  the q u a n t i t y  of land and of c a p i t a l  i n  u se ,  
waste of labor  through underemployment, c h i e f l y  i n  a g r i c u l t u r e ,  s h i f t s  i n  
l abor  from low t o  h igh  p roduc t iv i ty  i n d u s t r i e s ,  increased  e f f i c i e n c y  due 
t o  economics of s c a l e ,  e t c .  But the  s t r i k i n g  th ing  about t h i s  s tudy i s  t h a t  
two in f luences  account  f o r  we l l  0~7er h a l f  o f  t he  t o t a l .  It may s u r p r i s e  
you t o  hear  t h a t  t he  i n c r e a s e  i n  the  q u a n t i t y  of  c a p i t a l - - p l a n t  and 
equipment--is n o t  one of them--this runs  t h i r d ,  account ing f o r  28 o u t  of  t h e  
210 p o i n t s  t o  be accounted f o r .  

Number one i s  educa t ion  of the labor  f o r c e ,  which he e s t ima tes  accounts  
f o r  a t h i r d  of  our  p r o d u c t i v i t y  increase--67 o u t  of  210 po in t s .  This  
estimate, p l ease  n o t e ,  does n o t  inc lude  allowance f o r  t h e  expansion of  
knowledge t h a t  educa t ion  has  made p o s s i b l e .  It  i s  intended t o  measure only  
t h e  inc rease  i n  worker p roduc t iv i ty  r e s u l t i n g  from educat ion.  Educated 
workers a r e  b e t t e r  workers.  

An i n c i d e n t a l  p o i n t  which i s  no t  p a r t i c u l a r l y  r e l e v a n t  t o  my theme 
ton igh t  bu t  -which might i n t e r e s t  you i s  t h i s .  
n o t  from t h e  Denison study but  from some work done by Gary Becker. H e  
estimates t h a t  t h e  annual  n e t  r a t e  of r e t u r n  on an investment i n  a h igh  
school educa t ion  i s  14 per  c e n t .  This  measures only the  inc rease  i n  
p r o d u c t i v i t y ,  over and above t h a t  r equ i r ed  t o  amor t ize  t h e  c o s t  of t h e  
educa t ion ,  and n o t  t h e  psychic o r  consumption v a l u e s  t h a t  t h e  educatee 
may d e r i v e  from h i s  educat ion.  The ra te  of r e t u r n  on a c o l l e g e  educa t ion  
i s  c a l c u l a t e d  a t  9 pe r  c e n t ,  which f i g u r e  compares favorably  wi th  t h e  
r a t e  of r e t u r n  on investment i n  c a p i t a l .  
Schul tze  of t h e  Univers i ty  of Chicago shows t h a t  t h e  c o s t  o f  a c o l l e g e  
educat ion ( inc lud ing  income foregone wh i l e  i n  school)  i s  r e tu rned  t o  t h e  
s tuden t  n e a r l y  e levenfo ld  i n  increased  earn ings  over t he  course of h i s  
l i f e t i m e ,  of a high school  education 11 .4- fo ldY and of an elementary 
educa t ion  f o r t y f o l d .  

And these  f i g u r e s  I d e r i v e  

A s i m i l a r  c a l c u l a t i o n  by Theodore 

To g e t  back t o  my one t h i r d  of p r o d u c t i v i t y  i n c r e a s e  a t t r i b u t a b l e  t o  
educat ion:  It  i s  no t  l i k e l y  t h a t  t h i s  percentage w i l l  be as  h igh  i n  t h e  
f u t u r e  as i t  has  been i n  t h e  pas t .  I n  s u b s t a n t i a l  measure, i t  r e f l e c t s  
t h e  f a c t  t h a t  25 o r  50 y e a r s  ago,  a cons iderable  propor t ion  of our  popu- 
l a t i o n  w a s  i l l i t e r a t e ,  o r  so c lose  t o  it t h a t  work e f f i c i e n c y  was s e r i o u s l y  
i n t e r f e r r e d  wi th .  Tremendous gains  i n  p roduc t iv i ty  were made simply by re -  
p l a c i n g  t h e s e  i l l i t e r a t e s  w i t h  workers w i t h  a grade school educat ion.  
Today, less than  5 pe r  c e n t  of our popula t ion  i s  c l a s s i f i e d  as " func t iona l ly  
i l l i t e r a t e , "  and many of t h e s e  a r e  q u i t e  o l d  people .  
easy  improvements i n  p roduc t iv i ty  does no t  e x i s t  today t o  anywhere near  

This oppor tuni ty  f o r  
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the degree that it did a generation or two ago. 
productivity by raising the percentage of students who complete high school, 
and by increasing the number and percentage of students who go on to college 
and to graduate school. But the rewards to society, in the form of 
increased productivity, though high, are not as lush as are the rewards of 
transforming illiterates into literates. 

We will still step up 

The source of productivity which runs a close second to education in 
Denison's estimates is the advance of knowledge. 
accounts for 58 of the 210 points, or close to 30 per cent of the total, 
This factor includes advances in knowledge of all kinds that, when and if 
applied, increase the national output that can be produced from a given 
input of labor, capital, and other resources. It includes both technological 
knowledge and managerial knowledge. How much should be attributed to each 
is impossible to calculate. Indeed, the distinction between the two is 
a blurred one. Would you classify, for example, the use of computers for 
inventory and warehouse control an advance in technological knowledge o r  in 
managerial knowledge? 

This, he calculates, 

Denison estimates that, in the 1960-80 decades, the contribution of the 
advance of knowledge to economic growth will be more important than any other 
factor, including education, Numerically, he estimates that its quantitative 
value will increase from 58 to 75 points, chiefly as a consequence of the 
enormous current expenditures for scientific research and development. 

But, as I implied a moment ago, Scientific research and development are 
not enough. 
and if applied." 
business. Nicholas Kaldor, the eminent British economist, had this to say 
about the growth process. 

They contribute to productivity and economie growth only "when 
And this application of new scientific developments is risky 

"The most plausible answer to the question why some human societies 
progress so much faster than others is to be sought, in my view, 
not so much in fortuitous accidents . . .  or in favorable natural 
environment ... but in human attitudes to risk-taking and money-making ... 
"It is the economy in which businessmen are reckless and 
speculative, where expectations are highly volatile, but with a 
underlying bias towards optimism, where high and growing profits 
are projected into the future and lead to the hasty adoption of 
'unsound' projects involving over-expansion, which is likely to 
show a higher rate of progress over long periods; while it is 
an economy of sound and cautious businessmen who are slow at 
reacting to current events, which is likely to grow at a slow rate... 

'*This is not to suggest, of course, that the long-term trend of 
growth is simply a matter of the recklessness of society's 
entrepreneurs. The external 'conditioning factors' are still 
there--in the sense that there probably always is a maximum 
attainable rate of saving, a maximum attainable rate of population 
growth or a maximum attainable flow of new ideas. But the point 
is that the actual values of these variables . . .  are not determined 
by their theoretical maximum values, but are capable of being 
slowed down or accelerated in accordance with the push or pull 
exerted by entrepreneurial behavior . .I1 
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Dean Weimer asked m e  t o  t a l k  on t h e  r e l a t i o n s h i p  between aerospace 
r e sea rch  and economic development. 
very  w e l l .  I have t r i e d  t o  say t h a t ,  i n  s p i t e  of t h e  f a c t  t h a t  much of  
contemporary s c i e n t i f i c  r e sea rch  and development seems a l i e n  t o  our  
o rd ina ry ,  human exper iences ,  i t  w i l l  be a dominant f a c t o r ,  perhaps the  
dominant f a c t o r ,  i n  economic development i n  the  y e a r s  ahead, t h a t  
burgeoning space r e sea rch  a l r eady  accounts  f o r  a s u b s t a n t i a l  po r t ion  of 
a l l  R and D ,  and t h a t  i t  w i l l  account €or  a r i s i n g  p ropor t ion  i n  t h e  y e a r s  
immediately ahead. I would no t  argue t h a t ,  from t h e  p o i n t  of view of 
economic growth, t h i s  i s  t h e  most e f f i c i e n t  way t o  spend t h i s  kind of 
money. The same might be s a i d  of m i l i t a r y  r e sea rch .  But t h e  f a c t  remains 
t h a t  t h e  money i s  being spent .  The r e sea rch  and development, on a massive 
s c a l e ,  i s  proceeding. And the  r e a l l y  determining f a c t o r ,  from the  economic 
growth p o i n t  of view, w i l l  be t h e  da r ing ,  t h e  boldness ,  t h e  b i a s  toward 
optimism of bus iness  execut ives  i n  t h e i r  a p p l i c a t i o n s  of t h e  r e s u l t s  of  
t h i s  r e sea rch  t o  c u r r e n t  opera t ions .  

I ' m  a f r a i d  I haven ' t  s tuck  t o  t h e  sub jec t  

I n  more s p e c i f i c  terms, and a t  t h e  r i s k  of r e p e a t i n g  many of t h e  i d e a s  
w e  have t a lked  about  today,  I th ink  we can say t h a t  space programs w i l l  
a f f e c t  economic growth i n  t h e  following ways: 

F i r s t ,  space r e sea rch  and technology w i l l  i n c r e a s e  labor  p roduc t iv i ty  
through i t s  fa r - reaching  e f f e c t s  on methods of  producing e x i s t i n g  products--  
e f f e c t s  which e i t h e r  reduce c o s t s  o r  improve the  q u a l i t y  of the  product .  

Second, space r e sea rch  w i l l  genera te  new consumer products ,  and new 
v a r i a n t s  of o l d  products  inc luding  p a r t i c u l a r l y  products  made of new and 
super ior  materials. 

Thi rd ,  by c r e a t i n g  new products ,  space research w i l l  s t i m u l a t e  new 
demand, c r e a t e  new markets ,  and i n  t u r n  s t i m u l a t e  c a p i t a l  formation.  A l l  
o f  t hese  lead  t o  economic growth. 

Fourth,  space r e sea rch  i s  obviously going t o  have widespread e f f e c t s  on 
the  communications i n d u s t r i e s .  Economic p rogres s  i n  t h i s  a r e a ,  r e s u l t i n g  
from space ac t iv i t i e s ,  w i l l  be impressive.  

F i f t h ,  space r e sea rch  i s  l i k e l y  t o  have s i g n i f i c a n t ,  t h o u g h - I ' w i l l  
admit unpred ic t ab le ,  e f f e c t s  on t r a n s p o r t a t i o n  indus t r i e s - - and  I'm n o t  
t a l k i n g  about  space f l i g h t s  f o r  the summer v a c a t i o n e r .  

S i x t h ,  I suspec t  t h a t  space research  w i l l  have an important  bear ing  on 
managerial  knowledge. Espec ia l ly ,  t h e  experience i n  a r e sea rch  program t h i s  
massive may provide some va luab le  i n s i g h t s  i n t o  the  problem of the  management 
of r e sea rch  personnel  who a r e ,  I am t o l d ,  a q u i t e  d i f f e r e n t  breed of humans 
than  o rd ina ry  workers .  
o f  t h a t  lesser-known competi tor  t o  Business Horizons,  t h e  Harvard Business 
Review, t h e  burden of which i s  t h a t  most bus iness  f i rms  have a l o t  t o  l e a r n  
about  managing r e sea rch  programs and r e sea rch  personnel .  Perhaps space 
w i l l  h e l p .  

P e t e r  Drucker h a s  an  a r t i c l e  i n  t h e  c u r r e n t  i s s u e  

Seventh,  a l though I w i l l  confess t h a t  t h e  l inkage  h e r e  i s  much ha rde r  
t o  t r a c e ,  I be l i eve  t h a t  t h e  space programs may have some profound e f f e c t s  
on government, e s p e c i a l l y  s t a t e  and l o c a l  governments i n  t h e i r  numerous 
and c o s t l y  s e r v i c e  ac t iv i t i e s .  An example would be technologica l  
developments a p p l i c a b l e  t o  highway bu i ld ing  and t o  t r a f f i c  c o n t r o l .  
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You can no doubt 
admi t ted ly  incomplete 

t h i n k  of o the r s  t h a t  are n o t  inc luded  i n  t h i s  
l i s t .  

Let m e  c l o s e  by quot ing a B r i t i s h  minor nobleman and b r i l l i a n t  
engineer ,  S i r  George Cayley. 
before  t h e  Wright b ro the r s  made t h e i r  f i r s t  f l i g h t - - i n  t h e  sense t h a t  he  
discovered t h e  aerodynamic p r i n c i p l e s  of  t h e  a i r p l a n e  wing and the  
p rope l lo r .  A l l  he  needed was an engine and t h e  f u e l  t o  run  i t .  

He invented t h e  a i r p l a n e  almost a century  

For a l l  h i s  b r i l l i a n c e ,  he  wasn't  q u i t e  da r ing  enough. I n  1809, he 
s a i d  : 

"I f e e l  p e r f e c t l y  conf iden t  t h a t  aerial  naviga t ion  w i l l  soon be 
brought home t o  man's convenience and t h a t  w e  shall  be a b l e  t o  
t r a n s p o r t  ourse lves  and our  f a m i l i e s  and t h e i r  goods and c h a t t l e s  
more secure ly  by a i r  than  by water and w i t h  v e l o c i t i e s  of from 20 
t o  100 m.p.h." 

The moral,  I th ink ,  i s  obvious. 
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AEBOSPACE RESEARCH APPLICATIONS CENTER 

BLOOMTNGTON, INDIANA 
INDIANA UNIVERSITY FOUNDATION 

ARAC OPERATIONS 

Enclosed a r e  f i v e  copies  of a s e t  of memoranda which w i l l  form an opera t ing  
manual f o r  ARAC s e r v i c e s  t o  member companies for t h e  first qua r t e r .  
of t h e s e  were o u t l i n e d  a t  t h e  b r c h  21 o rgan iza t ion  meeting. 
t h e s e  m a t e r i a l s  w i l l  be  u s e f u l  t o  you i n  organiz ing  your  company e f f o r t  t o  
t a k e  advantage of ARAC se rv ices ,  

Most 
We b e l i e v e  t h a t  

We w i l l  opera te  on t h e  b a s i s  ou t l i ned  f o r  t h e  f i r s t  q u a r t e r  ( A p r i l  through 
With t h i s  experience behind us ,  we w i l l  have an  eva lua t ion  meeting i n  June) .  

l a t e  June i n  which, among o t h e r  th ings ,  we  w i l l  c r i t i q u e  t h e s e  s e r v i c e s  and 
decide on such r e v i s i o n s  as may be r equ i r ed  f o r  t h e  second qua r t e r  of opera- 
t i o n .  Proceeding i n  t h i s  f a sh ion  by q u a r t e r s  through t h e  experimental  year ,  
we b e l i e v e  t h a t  we w i l l  have e f f ec t ive  opera t ing  procedures  e s t a b l i s h e d  by 
t h e  end of t h e  yea r  and documented f o r  r e p o r t s  t o  NASA. 

You w i l l  no te  i n  t h e s e  ma te r i a l s  t h a t  ARAC s e r v i c e s  a r e  i n i t i a t e d  i n  
g r e a t  p a r t  by our knowledge of member companies' major t e c h n i c a l  i n t e r e s t s  
during t h e  next  two yea r s  (ques t ion  8 on t h e  form Inventory of Technica l  
C a p a b i l i t i e s  and I n t e r e s t s ) .  

- 

For companies who have not  sent  us  an  inventory  use t h e  enclosed form 
and r e t u r n  it as soon as p o s s i b l e .  I n  your ansber  t o  ques t ion  8, p l e a s e  
avoid,  i f  poss ib l e ,  a gene ra l  statement of i n b e r e s t  such as " the  f i e l d  of 
e l e c t r o n i c s . "  
t h a n  if i n t e r e s t s  were s t a t e d  more s u c c i n c t l y  wi th in  t h e  f i e l d  of e l e c t r o n i c s .  

O u r  opera t ing  methods would be l e s s  e f f e c t i v e  i n  such a case  

If you have a l r eady  mailed i n  t h e  inventory,  p l ease  review your answer 
t o  ques t ion  8 wi th  a view t o  rephrasing it i f  your answer i s  not  s p e c i f i c .  
I n c i d e n t a l l y ,  as t h e s e  i n t e r e s t s  change from t ime t o  t ime,  we i n v i t e  you t o  
n o t i f y  us as soon as poss ib l e .  
companies whose combined company-wide t e c h n i c a l  i n t e r e s t s  cannot be s t a t e d  
i n  o t h e r  t han  broad terms,  t h e  major t e c h n i c a l  i n t e r e s t s  of one or a few 
d i v i s i o n s  of t h e  company be c i t e d  as most important .  
e f f e c t ,  work only with t h e s e  d iv i s ions  u n t i l  t h e  member company wishes t o  
make a change. 
d i v i s i o n s  should be s e n t  t o  ARAC a s  d i r e c t  c o n t a c t s  r a t h e r  t han  (or i n  
a d d i t i o n  t o )  head-of f ice  people.  

We suggest  t h a t  i n  t h e  case  of very l a r g e  

We w i l l  then ,  i n  

I n  such cases ,  t h e  names of appropr i a t e  people wi th in  t h e s e  

P lease  no te  t h a t  t h e  enclosed m a t e r i a l s  desc r ibe  one ARAC s e r v i c e  t h a t  
was  not  explained i n  d e t a i l  a t  t h e  March 21mee t ing .  Thds s e r v i c e  involves  
t h e  p rov i s ion  of engineer ing information on c u r r e n t  company problems. The 
Assoc ia te  Di rec tor  of Engineering o r  a member of h i s  staff w i l l  v i s i t  each 
of t h e  member companies, p a r t i c u l a r l y  t h e i r  t e c h n i c a l  people,  for a face - to -  
f a c e  d i scuss ion  of c u r r e n t  t e c h n i c a l  problems. He w i l l  t h e n  fo l low through 
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wi th  t h i s  s e r v i c e  as descr ibed  i n  the  a t t ached  m a t e r i a l s .  This  s e r v i c e  
can then  be conkinued on a phone-and-correspondence b a s i s .  I n  t h e  mean- 
t ime,  u n t i l  he visits your company, you may u t i l i z e  t h i s  s e r v i c e  on a phone- 
and-correspondence b a s i s .  
i n d i c a t e s  t h a t  t h i s  s e r v i c e  w i l l  be q u i t e  product ive.  

Experience s o  fa r  wi th  s b v e r a l  firms v i s i t e d  

P lease  t a k e  s p e c i a l  no te  of t h e  S c i e n t i f i c  and Managerial programs 
o u t l i n e d  i n  t h e  enclosed memoranda. 
t y p e s  of s e r v i c e s  w i l l  prove t o  be  h ighly  product ive .  They w i l l  r equ i r e ,  
however, c l o s e  working r e l a t i o n s h i p s  bet+en a p p r o p r i a t e  company and ARAC 
personnel .  

We a r e  hopeful  t h a t  bo th  of t h e s e  

It i s  evident  that t h e  ARAC se rv ices  descr ibed  i n  t h e s e  m a t e r i a l s  
a r e  focused on cu r ren t  and shor-k-term t e c h n i c a l  and managerial  problems 
of member companies. It i s  l e s s  l i k e l y  t h a t  a s i g n i f i c a n t  breakthrough 
i n  new products ,  p rocesses  and m a t e r i a l s  w i l l  r e s u l t  from t h e s e  s e r v i c e s  I 

t h a n  one designed t o  a i d  t h e  member companies' p lanning f o r  t h e  longer  run,  
f o r  i n s t ance  out  t o  f i v e  or more years .  We a r e  c u r r e n t l y  working on t h e  
des ign  of such a se rv ice ,  and members of ARAC w i l l  be v i s i t i n g  you i n  t h e  
near  f u t u r e  t o  g e t  your ideas  on t h i s .  We a r e  s e t t i n g  a n  o u t s i d e  t a r g e t  
d a t e  of l a t e  June (a t  t h e  eva lua t ion  meeting mentioned above) f o r  f i rming  
up t h e  design of t h i s  s e r v i c e  and g e t t i n g  it underway i n  t h e  second qua r t e r .  
I n  t h e  meantime, our r e s p e c t i v e  organiza t ions  w i l l  have t ime t o  l e a r n  more 
about  each o the r  through opera t ion  of t h e  s e r v i c e s  descr ibed  i n  t h e  enclosed 
memoranda which w i l l  s e rve  f o r  t h e  p re sen t  as our opera t ing  manual. 
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ARAC OPERATIONS 

Technical  Library Serv ice  

Co l l ec t ion  

For t h e  p re sen t ,  t h e  b a s i c  c o l l e c t i o n  of materials i n  t h e  ARAC l i b r a r y  

w i l l  c o n s i s t  of t h e  fo l lowing  UNCLASSIFIED series of primary r e sea rch  r e p o r t s  

depos i ted  by t h e  NASA, Off ice  of S c i e n t i f i c  and Technical  Information,  A s  

t h i s  c o l l e c t i o n  i s  augmented, n o t i c e s  w i l l  go ou t  t o  member companies. 

Technical  Reports  

These are w r i t t e n  by r e sea rch  personnel  of NASA prime c o n t r a c t o r s  and 

are prepared  i n  compliance wi th  l e g a l  c o n t r a c t  terms, 

Technical  Notes 

These are w r i t t e n  by NASA research  personnel  who have been ass igned  t o  

perform b a s i c  r e sea rch  a t  va r ious  NASA i n s t a l l a t i o n s .  

Technica l  R e m i n t s  

These are r e p o r t s  of bo th  primary and secondary r e s e a r c h  which have been 

prepared  by or for government agencies  o t h e r  t han  NASA, Repr in t  r i g h t s  have 

been acqui red  by NASA because t h e  sub jec t  i s  d i r e c t l y  r e l a t e d  t o  some phase 

of aerospace r e sea rch ,  

Secondary Reports  

The fo l lowing  s e r i e s  of secondary r e p o r t s  have a l s o  been depos i t ed  by 

NASA, Off ice  of S c i e n t i f i c  and Technical Information, i n  t h e  ARAC l i b r a r y .  

Conference Proceedings 

These r e p o r t s  have been compiled and publ i shed  by NASA t o  make 
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a v a i l a b l e  information presented a t  conferences sponsored by NASA a lone ,  

o r  j o i n t l y  wi th  o t h e r  organiza t ions ,  both government and p r i v a t e ,  

S t a t e  of t h e  A r t  Reports 

These a r e  r e p o r t s  which summarize t h e  b a s i c  theory  o r  c u r r e n t  develop- 

ments i n  l i m i t e d  sub jec t  areas, They are prepared by p r i v a t e  and govern- 

mental  r e sea rch  personnel  and may be found i n  a l l  publ ished s e r i e s  except  

Conference Proceedings. 

Technical  T rans l a t ions  

These a r e  r e p o r t s  of fore ign  research ,  p r imar i ly  USSR, which have 

been publ i shed  i n  gene ra l  pub l i ca t ions  i n  a fo re ign  language. 

acqui red  t r a n s l a t i o n s  of t hese  r e p o r t s ,  o r  had them t r a n s l a t e d  by com- 

merc ia l  t r a n s l a t i n g  se rv ices ,  f o r  r epub l i ca t ion .  

NASA has 

Miscellaneous 

These m a t e r i a l s  c o n s i s t  of reviews, handbooks, d i c t i o n a r i e s ,  e t ? .  pub- 

l i s h e d  by NASA pr imar i ly  f o r  use by t h e i r  personnel.  

a v a i l a b l e  t o  ARAC t o  da te . )  

(None have been made 

Flash  Shee ts  

These r e p o r t s  of innovat ions i n  products ,  ma te r i a l s ,  and processes  wi th  

suggested i n d u s t r i a l  a p p l i c a t i o n s  a re  prepared by NASA personnel  a t  t h e  var ious  

NASA r e g i o n a l  cen ters .  

use of F lash  Sheets.  

A s epa ra t e  AFAC s e r v i c e  provides  procedures f o r  t h e  

To supplement t h e  m a t e r i a l s  l i s t e d  above which have been depos i ted  by 

NASA i n  t h e  ARAC l i b r a r y ,  t h e  l i b r a r y  staff w i l l  consul t  and borrow m a t e r i a l s  

from t h e  Indiana Univers i ty  Librar ies .  

purchase va r ious  m a t e r i a l s  r equ i r ed  t o  a i d  i t s  s t a f f  and member company pe r -  

sonnel  t o  use  NASA m a t e r i a l s  e f f ec t ive ly .  

I n  add i t ion ,  t h e  ARAC l i b r a r y  w i l l  
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ARAC P u b l i c a t i o n s  

ARAC p l ans  t o  publ i sh  I n d u s t r i a l  Appl ica t ion  Reports,  Conference Pro- 

ceedings,  Abs t r ac t s ,  Bib l iographies ,  e t c .  Copies of t h e s e  w i l l  be i n  t h e  

l i b r a r y ,  A sepa ra t e  ARAC s e r v i c e  provides  procedures  f o r  u s e  of I n d u s t r i a l  

Appl ica t ions  Reports  and F la sh  Sheet Abs t r ac t s ,  

Indexes 

The cu r ren t  indexes t o  NASA and gene ra l  aerospace information which are 

publ i shed  f o r  NASA are “ S c i e n t i f i c  and Technical  Aerospace Reports”  (preceded 

by “Technical  Pub l i ca t  ions  Announcements 1915 -1962’’); and “ I n t e r n a t i o n a l  

Aerospace Abs t rac ts .”  The ARAC l i b r a r y  w i l l  p l a c e  c u r r e n t  s u b s c r i p t i o n s  for 

t h e s e  p u b l i c a t i o n s  upon r e c e i p t  of the  enclosed r eques t  des igna t ing  a member  

company addressee ,  These w i l l  be  forwarded d i r e c t  from ARAC t o  t h e  member 

company. 

ARAC w i l l  no t  have access  t o  CLASSIFIED materials. 

ARAC LIBRARY SERVICE 

The ARAC l i b r a r y  c o l l e c t i o n  w i l l  be a r e fe rence  c o l l e c t i o n  a v a i l a b l e  t o  

member company personnel  dur ing  normal working hours. 

by o t h e r s  w i l l  be  l i m i t e d  t o  prevent i n t e r f e r e n c e  wi th  t h e  l i b r a r y ‘ s  primary 

mission,  A copy of any i t e m  i n  t h e  ARAC l i b r a r y  w i l l  be  secured for company 

members on r eques t ,  except  for genera l  trade pub l i ca t ions ,  s u b j e c t  t o  a v a i l -  

a b i l i t y  and compliance wi th  copyright l a w s ,  

Use of t h e s e  materials 

Operat ing Procedures  

The fo l lowing  procedures  w i l l  provide t h e  most s a t i s f a c t o r y  method of 

o p e r a t i o n  t o  expedi te  l i b r a r y  service.  

S t a t i n g  t h e  Quest ion - The member company should s ta te  i t s  ques t ion  i n  

terms t o  b e  found i n  t h e  NASA, “Guide t o  Annual Subjec t  Index for Technical  



4 

P u b l i c a t i o n s  Announcements." 

poss ib l e ,  I n  a d d i t i o n  t h e  fol lowing should be  s t a t e d :  (1) Sco.pe of t h e  

ques t ion  i n  terms of l i t e r a t u r e  and time, ( 2 )  Type of r e p o r t  des i r ed ,  ( 3 )  Date 

r e p o r t  r equ i r ed ,  (4) S p e c i a l  i n s t r u c t i o n s ,  

The quest ion should be  s t a t e d  a s  p r e c i s e l y  as 

The company may w r i t e  or te lephone i t s  ques t ion  t o  t h e  ARAC l i b r a r y .  The 

l i b r a r y  w i l l  make a search  and render a r epor t .  If t h e  ques t ion  i s  an involved 

one, t h i s  r e p o r t  w i l l  be  a pre l iminary  r e p o r t  which may be used by t h e  company 

t o  d e f i n e  t h e  ques t ion  i n  more p rec i se  terms. 

a d d i t i o n a l  search  and f i n a l  r e p o r t  may be reques ted ,  

A f t e r  review of t h e  r e p o r t ,  an 

To he lp  de f ine  t h e  problem exac t ly  or t o  eva lua te  a f i n a l  r e p o r t ,  t h e  

member company may c a l l  f o r  a conference. This conference would b r i n g  t o g e t h e r  

t h e  company's r e p r e s e n t a t i v e ,  t h e  AFM! l i b r a r y  l i t e r a t u r e  s p e c i a l i s t ,  and, if  

a p p r o p r i a t e ,  a member of t h e  U n i v e r s i t y ' s  s c i ence  or bus iness  school  f a c u l t y .  

A f t e r  consu l t a t ion  a new search  may be reques ted  t o  secure  a d d i t i o n a l  or 

a l l i ed  information by submi t t ing  a more r e f i n e d  ques t ion ,  

To supplement t h i s  s e r v i c e  ARAC w i l l  have access  t o  t h e  r e sources  of 

va r ious  NASA agencies ,  t h e  Indiana  Univers i ty  Computer Center, and t h e  data. 

p rocess ing  c o n t r a c t o r  t o  NASA (Documentation, Inc, ). When condi t ions  permit  

t h e  u s e  of t h e  Un ive r s i ty  Computer. Center i n  t h e  ope ra t ion  of an automatic  

in format ion  r e t r i e v a l  system, a n  announcement w i l l  be  s e n t  t o  member companies 

exp la in ing  t h e  procedures  t o  be  followed, 

The above d e s c r i p t i o n  of ARAC Library Operat ions i s  summarized i n  t h e  

fo l lowing  diagram, A l l  correspondence involv ing  ARAC Libra ry  Operat ions should 

be s e n t  t o :  Nevin W, Raber, Technical L ib ra r i an ,  Aerospace Research Applica- 

t i o n s  Center, Ind iana  Un ive r s i ty  Foundation, Bloomington, Indiana. 
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I n  order  t o  make the  des i r ed  information search  adequate t o  t h e  members' 

needs and u t i l i z e  t h e  time of t h e  l i t e r a t u r e  s p e c i a l i s t s  t o  g a i n  maximum 

b e n e f i t s ,  t h e  fol lowing f a c t o r s  should be included i n  a l l  ques t ions  r e f e r r e d  

t o  t h e  l i b r a r y .  

1. An exac t  d e f i n i t i o n  of t h e  problem s t a t e d  i n  p r e c i s e  terms.  

2. Scope of t h e  search  t o  be performed. 
L i t e r a t u r e  l i m i t s  
Time limits 

3. Type of r e p o r t  des i r ed .  

4. Date r e p o r t  requi red .  

5. Spec ia l  i n s t r u c t i o n s .  

Obviously t h e s e  p o i n t s  a r e  s e l f  l i m i t i n g  (e .g .  scope of search  vs.  da t e  

r e q u i r e d ) .  
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ARAC LIBRARY OPERATIONS 

Materials Acquisitions 

1 
Inc . NASA Office of Scientific and Technical Information - 

' Tech.l Tech.L Tech.3 Conference ' State of Tech. Scientific & 
Technical Report Note Reprint Proceedings Art Report Trans. Mise. 

I Flash Sheets 

\ 
/ Automatic Distribution 

Interlibrary Loans - - - - - 3  
Notes : 

1. Produced by NASA prime contractors. 
2. 
3. 
4. 

5. 

Produced by NASA facility personnel. 
Produced by Non-NASA government agencies. 
Documentation, Inc. and American Institute of Aeronautics 5 
Astronautics are data processing contractors of NASA, OSTI. 
ARAC Library will act as a procurement office to secure materials 
needed for member's permanent file from NASA. 
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ARAC OPERATIONS 
INDUSTRIAL APPLICATIONS SERVICE 

U t i l i z a t i o n  of F lash  Shee ts  

F lash  Shee ts  

NASA Flash  Sheets  a r e  r e p o r t s  of innovat ions made by s c i e n t i s t s  and 

engineers  employed a t  NASA Regional Centers ,  such as t h e  Marshall  Space F l i g h t  

Center a t  Hun t sv i l l e ,  Alabama, or by s c i e n t i s t s  and engineers  a t  NASA prime 

con t r ac to r s .  The l a w  r e q u i r e s  NASA prime c o n t r a c t o r s  t o  divulge innovat ions  

occurr ing  i n  t h e  execut ion of cont rac ts .  

Innovat ions a r e  def ined  as, "Ameans of accomplishing a work o b j e c t i v e  

e i t h e r  more e f f e c t i v e l y  than before ,  or f o r  t h e  f i rs t  t ime. 

t h e  development, invent ion ,  discovery,  modi f ica t ion  or new use of a device,  

p rocess ,  ma te r i a l ,  system, or technique." 

The term inc ludes  

NASA Processing of F lash  Sheets  

F lash  shee t s  a r e  w r i t t e n  up on a s p e c i a l  form by an I n d u s t r i a l  Applica- 

tions Off ice  a t  each of t h e  nine reg iona l  c e n t e r s  of NASA, Each o f f i c e  employs 

a ch ief  and sen io r  engineers  of var ious types  who spend a l l  t h e i r  t ime working 

up F la sh  Sheets .  Some of t h e  innovations r epor t ed  a r e  covered by p a t e n t s  or 

p a t e n t s  pending, o t h e r s  not .  

The F lash  Sheets  a r e  sen t  by the r e g i o n a l  c e n t e r s  t o  t h e  I n d u s t r i a l  

Appl ica t ions  Off ice  of NASA i n  Washington where they  are c l ea red  f o r  c l a s s i f i e d  

( s e c r e t )  material and t h e  pa t en t  s i t u a t i o n  checked out .  

F lash  Sheets  a r e  available t o  ARAC and i t s  member companies. 

Only non-c lass i f  i e d  
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ARAC Operations U t i l i z i n g  F la sh  Sheets  (F lash  Sheet S e r v i c e )  : 

A s  they  a r e  rece ived  by ARAC, Flash Sheets  a r e  indexed by member 

company major t e c h n i c a l  i n t e r e s t s .  Hence it i s  most important t h a t  member 

companies keep ARAC w e l l  informed on a cont inuing b a s i s  of t h e i r  a n t i c i p a t e d  

major t e c h n i c a l  i n t e r e s t s  over  t h e  next two years .  - 

Flash  Shee ts  a r e  a l s o  indexed by t h e  NASA l i b r a r y  m a t e r i a l s  indexing 

method (See ARAC OPERATIONS - LIBRARY SERVICE). 

A pe r iod ic  l i s t i n g  of a l l  Flash Shee ts  rece ived  by ARAC w i l l  be sen t  

t o  a l l  member companies. This  l i s t i n g  w i l l  show (non-cumulat ively) ,  t h e  

i d e n t i f y i n g  number, d e s c r i p t i o n  t i t l e ,  and suggested i n d u s t r i a l  a p p l i c a t i o n s  

r epor t ed  on t h e  Flash Sheets.  

ARAC s t a f f  engineers ,  wi th  t h e  h e l p  of Univers i ty  sc ience  f a c u l t y  

members, w i l l  sc reen  t h e  F lash  Sheets aga ins t  member company t e c h n i c a l  

' i n t e r e s t s  and r epor t s .  F l a sh  Sheets so screened w i l l  be abs t r ac t ed .  Copies 

of a l l  F lash  Sheet  Abs t r ac t s  w i l l  be kept  on f i l e  i n  t h e  ARAC l i b r a r y  (See 

ARAC OPERATIONS - LIBRARY SERVICE), 

Member companies may a l s o  request  a b s t r a c t s  of F lash  Shee ts  on any i t e m  

i n  t h e  pe r iod ic  F lash  Sheet l i s t i n g  t h a t  i n t e r e s t s  them and on which they  do 

not  au tomat i ca l ly  r ece ive  a Flash  Sheet a b s t r a c t ,  

Member companies may pursue f u r t h e r  t h e i r  i n t e r e s t s  i n  p a r t i c u l a r  F l a sh  

Shee ts  by v i s i t i n g  ARAC f o r  a depth s tudy of o r i g i n a l  F l a sh  Sheets,  a t  which 

t ime they  may pursue f u r t h e r  t h e i r  o the r  i n t e r e s t s  developed through t h e  use  

of o t h e r  ARAC se rv ices .  

ARAC OPERATIONS - I n d u s t r i a l  Applicat ions Reports:  

From t i m e  t o  t i m e  ARAC w i l l  send t o  member companies I n d u s t r i a l  Applica- 

t i o n s  Reports. These r e p o r t s  w i l l  contain an explana t ion  of ideas  f o r  
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commercial applications generated by teams of ARAC engineers, literature 

specialists, and faculty members from the University science departments, 

Often these reports will be the result of ideas generated by such teams in 

their study of NASA Flash Sheets. 

ARAC Library (See ARAC OPERATIONS - LIBRARY SERVICE). El 

These reports will be kept on file in the 

ARAC Consulting Service 

As in the case of a Flash Sheet Abstract, a member company may pursue 

its interests in a particular Industrial Applications Report by further 

correspondence and if desired a visit to ARAC where a meeting with the ARAC 

team members who worked up the report will be held. 

Additional interest in an Industrial Applications Report requiring 

extended time in further research or time away from the University (at the 

member company) may be served by a private consulting arrangement between the 

company and team members. 

Flash Sheet Panel Discussions: 

From time to time, collections of Flash Sheets on particular subjects 

of general interest to a number of member companies may warrant the use of a 

panel discussion at ARAC. These panel discussions may center on the needs of 

a single company or may involve participants from several interested member 

companies. Selected faculty members from Indiana and other universities, and 

other recognized authorities on the subject may be involved in the various 

discussions. 

All of the above procedures involving NASA Flash Sheets are summarized 

in the following diagram. Correspondence on these ARAC Services should be 

directed to Dr. Howard Lo Tims, Associate Director for Engineering, Aerospace 

Research Applications Center, Indiana University Foundation, Bloomington, 

Indiana e 
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ARAC OPERATIONS - INDUSTRIAL APPLICATIONS 
Utilization of NASA Flash Sheets 

I 

NASA 
P r i m e  C ant r ac t o r  s 

(Industrial Applications) 

NASA Regional 
ICen te r l ( lSFCd  I ' , J/ I 1 ~ , = 10 Regional Industrial Applications 

Offices (In House R & D). 
each = 5 Specialists and Chief. 

Staff at 

1 

ARAC Industrial ' 
Applications Report 

4 .  Selected panel discussions as dictated by company needs. 
\ 
\L 
Selected t rl* ponds with ARAC Assoc. Member company corres- ARAC 

Member company corres- r 

Notice of 
receipt of 
Flash 
Sheets 
(see notes 
be low) 

1 
ponds with and/or visits staff 
ARAC for depth study of members 
specific Industrial and/or 
Applications Reports faculty 

consul- 
tants 3 

0 visit Co. 
I as arranged 

.1 I 
0 
I !)\ Director for Engineering 

on specific flash sheets 

- 2 .  Member company visits - ARAC for depth study of 
specific Flash Sheets. 

- 3 .  Member company visits 
ARAC for cursory study 
of  all Flash Sheets 

(2 )  Abstracts of Flash Sheets associated with member company major technical 
needs sent to company. 

ARAC Company 
Member 

(3)  General Note: Visits to ARAC by company specialists should be planned so as 
to utilize all ARAC services during a visit, that is: Library Service, 
Flash Sheet Service, Industrial Applications Report Service, and Individual 
Faculty Consulting Service. 
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Engineering Service on Current Problems 

Member companies w i l l  have cu r ren t  engineer ing  problems t h a t  ARAC may 

h e l p  s o l v e  through i t s  knowledge of c u r r e n t  t e c h n i c a l  developments a t  t h e  

va r ious  r e g i o n a l  c e n t e r s  of NASA. Most of t h e s e  problems w i l l  be  concerned 

wi th  c u r r e n t  products ,  p rocesses ,  and m a t e r i a l s ,  whereas t h e  engineer ing  

s e r v i c e  of ARAC involv ing  t h e  use  of NASA Flash  Sheets,  e s p e c i a l l y  t h e  

I n d u s t r i a l  Appl ica t ions  Report, i s  focused on new products ,  p rocesses ,  and 

m a t e r i a l s  (See ARAC OPERATIONS - INDUSTRIAL APPLICATIONS SERVICE) 

S t a f f  engineers  of ARAC w i l l  spend t ime  a t  NASA r e g i o n a l  c e n t e r s  f o r  t h e  

purpose of g e t t i n g  acquain ted  w i t h  c u r r e n t  r e sea rch  p r o j e c t s .  Likewise, ARAC 

staff engineers  w i l l  v i s i t  member companies t o  l e a r n  c u r r e n t  t e c h n i c a l  prob- 

lems. Out of such v i s i t s  may come a matching of c u r r e n t  NASA r e s e a r c h  f i n d -  

i ngs  t o  c u r r e n t  company problems. 

A s  an  example of t h i s  s e rv i ce ,  ARAC staff engineers  l ea rned  i n  a v i s i t  

t o  one NASA r e g i o n a l  c e n t e r  t h a t  they were i n  t h e  l a t e  s t a g e  of r e s e a r c h  i n  

l e a k  d e t e c t i o n  techniques .  Obviously t h i s  sub jec t  i s  of g r e a t  importance 

i n  des ign ,  bu i ld ing ,  t e s t i n g ,  and ope ra t ion  of space veh ic l e s .  Many com- 

pan ie s  have similar problems i n  connection wi th  product ion,  t e s t i n g ,  and 

ope ra t ion  of products  involving a vacuum or i n e r t  gas atmosphere. So lu t ions  

t o  t h e s e  company problems may b e  found i n  c u r r e n t  NASA r e s e a r c h  f i n d i n g s .  

When a "match" of NASA resea rch  and member company c u r r e n t  problems 

is  achieved,  ARAC staff engineers  w i l l  a i d  t h e  member company i n  formula t ing  

s p e c i f i c  t e c h n i c a l  ques t ions  about t h e i r  problems, t h e n  t r a n s m i t  t h e  ques t ions  
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t o  t h e  a p p r o p r i a t e  person i n  NASA. 

of a broad na tu re ,  or gene ra l  questions,  i n  t h i s  ARAC s e r v i c e .  The reason  

f o r  t h i s  i s  obvious. 

framed a s ,  "We want t o  know a l l  about l e a k  de tec t ion , "  we could  only  r e p l y  

t h a t  t h e  i n q u i r y  w i l l  be answered when a NASA Technica l  Report i s  a v a i l a b l e  

( s e e  ARAC OPERATIONS - LIBRARY SERVICE). 

We w i l l  not be a b l e  t o  handle  ques t ions  

For instance,  i f  a ques t ion  on l e a k  d e t e c t i o n  were 

. 

Member companies may t ransmi t  c u r r e n t  t e c h n i c a l  problems by phone or 

i n  w r i t i n g  t o  ARAC, no t  awai t ing  a v i s i t  by an  ARAC staff engineer .  

such cases ,  t h e  ques t ion  should be made s p e c i f i c ,  bu t  enough background and 

r e l a t e d  informat ion  should be provided t o  i n s u r e  p rope r  i n t e r p r e t a t i o q b y  

t h e  ARAC engineer. 

I n  

A l l  correspondence on t h i s  ARAC Engineering Serv ice  on c u r r e n t  problems 

should be d i r e c t e d  t o  D r .  Howard L. Timms, Assoc ia te  D i rec to r  f o r  Engineering, 

Aerospace Research Appl ica t ions  Center, Ind iana  Univers i ty ,  Bloomington, 

Ind iana .  
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ARAC OPERATIONS 

S c i e n t i f i c  Programs 

ARAC I n t e r n a l  Operat ions 

A s  i n d i c a t e d  i n  t h e  d e s c r i p t i o n s  of o t h e r  s e r v i c e s  of ARAC, t h e  s e r v i c e s  

of t h e  f a c u l t y  of Indiana  Univers i ty  sc i ence  departments a r e  a v a i l a b l e  i n  

i n t e r n a l  ARAC ope ra t ions .  These a r e  r epea ted  here.  Facul ty  s c i e n t i s t s  pa r -  

t i c i p a t e  as r equ i r ed  in :  

1. Indexing Flash  Sheets a g a i n s t  member company t e c h n i c a l  i n t e r e s t s .  

2, P repa ra t ion  of F lash  Sheet Abs t r ac t s .  

3. P repa ra t ion  of I n d u s t r i a l  App l i ca t ions  Reports. 

4, Consul ta t ion  t o  ARAC l i t e r a t u r e  s p e c i a l i s t s ,  

Science Facu l ty  Serv ice  Direc t  t o  Member Companies 

. 1, I n d u s t r i a l  Appl ica t ions  Reports :  A s  i n d i c a t e d  i n  t h e  d e s c r i p t i o n  of 

t h e  use  of t h e s e  r e p o r t s  ( s e e  ARAC OPERATIONS -- INDUSTRIAL APPLICA- 

TIONS SERVICE), f a c u l t y  s c i e n t i s t s  who p a r t i c i p a t e  i n  t h e  p repa ra t ion  

of t h e s e  r e p o r t s  w i l l  be a v a i l a b l e  f o r  c o n s u l t a t i o n  t o  member  com- 

pan ie s  as arranged between t h e  i n d i v i d u a l  company and s c i e n t i s t .  This  

s e r v i c e  i s  o u t s i d e  normal ARAC ope ra t ions  and i s  i n i t i a t e d  by t h e  

member company, All such arrangements must be  made by f i r s t  contBc%- 

ing  t h e  Assoc ia te  Di rec tor  for Science, M r .  Paul  Klinge. 

2, Continuing Facul ty  - Company Re la t ionsh ips :  Ind iv idua l  member com- 

panies  may ar range  cont inuing r e l a t i o n s h i p s  with i n d i v i d u a l  sc ience  

f a c u l t y  members f o r  consu l t a t ion ,  j o i n t  r e sea rch ,  e t c .  These a r range-  

ments a r e  o u t s i d e  normal ARAC ope ra t ions  and should be  a r ranged  

through M r ,  Paul  Klinge. 
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Science Faculty Panels and Seminars 

ARAC will arrange from time to time science panel discussions and seminars 

involving one o r  more member companies and other participants, including faculty 

members of Indiana University science departments, These science panels on 

subjects of general interest to one or more member companies may be initiated 

at the request of member companies, or by ARAC with invitations to member com- 

panies to participate. 

various ARAC operations such as Flash Sheets, Library Service, Industrial Applica- 

tions Reports, and research being conducted by faculty scientists, as well as 

in member company activity. 

Topics for these panel discussions will arise in the 

Weekly Science Bulletin Service 

A bulletin covering notices of university scientific events such a$ 

seminars, conferences, etc,, that are regularly held at the Bloomington campus 

and the Indianapolis Medical campus will be mailed weekly to all member corn- 

panies, Company representatives are invited to attend events of interest to 

them, 

Scientific Publications Service 

1, Science Brochures: These publications describe major efforts of 

science faculty members currently under way, They provide a means 

of acquainting people with the research interests and activities 

of the various science departments of Indiana University, A s  they 

are published, these brochures will be sent to member companies, 

2. Research Grants: The Indiana University Foundation issues regularly 

an information bulletin listing research grants received. These 

bulletins will be mailed to all member companies. They provide a 

means of acquainting interested people of upcoming research projects 

sotne of which may be of interest to member companies, 



J o i n t  Research P r o j e c t s  

One of t h e  f e a t u r e s  of many NASA and Departmc 
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:nt  of Defense r e s e a r c h  pro- 

j e c t s  i s  a team e f f o r t  involving a company and a un ive r s i ty .  Mr. Klinge w i l l  

assist i n  t h e  p r e p a r a t i o n  of proposals f o r  such p r o j e c t s  by i n t e r e s t e d  member 

companies. 

Research Grants 

Member company t e c h n i c a l  i n t e r e s t s  may sometimes r equ i r e  research  i n  an  

a r e a  f o r  which company f a c i l i t i e s  are inadequate or on a t o p i c  f o r  which i t s  

staff a r e  not t r a ined .  In  such cases,  u n i v e r s i t y  s c i e n t i s t s  and f a c i l i t i e s  

may be engaged through a research  grant .  I n q u i r i e s  concerning t h i s  s e r v i c e  

should be addressed t o  M r .  Pau l  Klinge. 

Un ive r s i ty  Fe l lowshi t s  

To keep an adequate flow of s k i l l e d  personnel ,  many companies have d is -  

covered t h e  value of a s s i s t i n g  education by providing fe l lowships  f o r  graduate  

s tuden t s  i n  science.  I n  many cases,  t h e  r e s e a r c h  performed by t h e  s tudent  i n  

h i s  graduate  program i s  va luable  t o  t h e  company. Also, having t h e  s tudent  

a v a i l a b l e  t o  t h e  company f o r  summer work during h i s  graduate  program i s  found 

use fu l ,  Member companies i n t e r e s t e d  i n  such arrangements should contac t  

Mr. Pau l  KLinge. 

Short  Courses 

Member companies may wish t o  send s e l e c t e d  ind iv idua l s  t o  s h o r t  courses  

provided by t h e  u n i v e r s i t y  i n  spec ia l i zed  sub jec t s ,  e.g., s t a t i s t i c a l  methods 

i n  b i o l o g i c a l  research,  e t c ,  

M r .  Paul  Klinge, 

Inqu i r i e s  on t h i s  s e r v i c e  should be sen t  t o  
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Seminars at Member Companies 

Every effort will be made to arrange, on request, seminars on scientific 

subjects at member companies, utilizing I, U. scientists. 

lectures, a regular series, or occasional programs. 

normal ARAC operations and arrangements should be made by contacting M r .  Paul 

K l  inge . 

These may be single 

This service is outside 

Other Arrangements 

Various special arrangements between member companies and the university 

science departments may be made. We solicit suggestions and ideas. For 

example, one company has a scientist on its payroll who holds a faculty appoint- 

ment. His teaching load is partial. The company assumes his full salary. 
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Managerial and Related Programs 

Continuing Planning Se rv ice  

ARAC w i l l  p rovide  s e r v i c e  on a cont inuing  basis t o  managements &member 

companies i n  developing opera t ing  p l ans  and procedures  a t  t h e  member companies, 

and between them and ARAC, d i r e c t e d  toward more e f f e c t i v e  long range p lanning  

f o r  new markets and products  t o  f i l l  t h e s e  markets, thence back i n t o  t h e  

i d e n t i f i c a t i o n  of t e c h n i c a l  i n t e r e s t s  involved. ARAC ope ra t ions  w i l l  t h e n  

be conducted t o  s t r e s s  s e rv ing  these  i n t e r e s t s .  

Under t h e  d i r e c t i o n  of t h e  Assoc ia te  D i rec to r  f o r  Development, D r .  

W i l l i a m  L. Haeberle, f a c u l t y  members of t h e  Graduate School of Business w i l l  

review new managerial  t echniques  and processes  developed as a r e s u l t  of 

NASA's ope ra t ions  and where considered a p p l i c a b l e  w i l l  r e p o r t  t h e s e  t o  mem- 

b e r  companies. 

Q u a r t e r l y  Meetings 

Quar te r ly  meetings of t o p  management personnel  of t h e  member companies 

w i l l  be  held i n  p a r t  t o  review ARAC ope ra t ing  experiences,  and i n  p a r t  t o  

cons ider  new managerial  developments. 

Current  Management Problems Serv ice  

Member companies a r e  i n v i t e d  t o  make r e q u e s t s  i n  w r i t i n g  or by te lephone  

He w i l l  f o r -  t o  D r .  Haeberle for a s s i s t a n c e  on s p e c i f i c  managerial  problems. 

ward m a t e r i a l s  i f  they  are d i r e c t l y  a v a i l a b l e  or where required,  v i s i t  member 

company o f f i c e s .  
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The fo l lowing  procedure i s  recommended: 

1. Representa t ives  of member companies should w r i t e  or c a l l  Dr. 

Haeberle r e l a t i v e  t o  r eques t  for information on managerial  and r e l a t e d  

problems. 

2 .  D r .  Haeberle w i l l  provide informat ion  e i t h e r  by te lephone,  memo- 

randum or by forwarding p r i n t e d  m a t e r i a l s ,  or where r equ i r ed  prepare  

s p e c i a l  r e p o r t s .  

3. Upon r e q u e s t  and wi th  appropr i a t e  l ead  time, Dr. Haeberle and/or 

members of h i s  s taff ,  w i l l  v i s i t  member company o f f i c e s  t o  d i s c u s s  t h e i r  

managerial  and r e l a t e d  problems. 

Management Panels  and Seminars 

ARAC w i l l  a r r ange  for panel  d i scuss ions  and seminars on s e l e c t e d  sub- 

j e c t s  of i n t e r e s t  t o  management. 

by ARAC f o r  t h e s e  a c t i v i t i e s .  

i n  PERT. A pane l  d i scuss ion  o r  seminar involv ing  a day’s  program on t h i s  

s u b j e c t  would be  a r ranged .  Experts i n  t h e  sub jec t  would be obta ined  from 

t h e  f a c u l t y  of t h e  Graduate School of Business, o t h e r  u n i v e r s i t i e s ,  and 

i n d u s t r y  as r equ i r ed .  

Spec ia l i zed  personnel  w i l l  be provided 

For i n s t ance ,  some companies may be i n t e r e s t e d  

This s e r v i c e  may be i n i t i a t e d  a t  t h e  r eques t  of one of more member 

The t o p i c s  of t h e s e  pane ls  and companies or a t  t h e  sugges t ion  of ARAC. 

seminars may c u t  a c r o s s  t h e  e n t i r e  f i e l d  of management i n t e r e s t - - t o p  

management, f u n c t i o n a l  management (marketing, f i nance ,  p roduct ion ,  

account ing,  e t c .  ), management t r a i n i n g  and development, personnel  prac-  

t i c e s ,  e t c .  

When more ex tens ive  managerial  consu l t ing  s e r v i c e s  a r e  requi red ,  Dr. 

Haeberle w i l l  ass is t  companies i n  i d e n t i f y i n g  personnel  who may meet t h e i r  
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requirements,  bu t  i nd iv idua l  consul t ing  arrangements should t h e n  be worked 

out  between company r ep resen ta t ives  and t h e  consu l t an t s  involved. 

Management Pub l i ca t ions  

ARAC member companies w i l l  r e g u l a r l y  r ece ive  pub l i ca t ions  of t h e  Graduate 

School of Business such as Business Horizons, The Indiana Business Review, and 

p e r t i n e n t  pub l i ca t ions ,  including r e sea rch  r e p o r t s  on managerial  sub jec t s ,  

of t h e  Bureau of Business Research. 

These procedures w i l l  be  reviewed a t  a l a t e r  d a t e  and r ev i sed  as r equ i r ed .  

A l l  correspondence involving ARAC Managerial and Related Programs should be 

s e n t  t o  Dr. W i l l i a m  L. Haeberle, Associate  Di rec tor  for Development, Aero- 

space Research Appl ica t ions  Center, Indiana Univers i ty  Foundation, Bloomington, 

Ind iana ,  


